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PREFACE TO THE SECOND EDITION 


No othei excuse need be offered foi a second edition than the rapid 
output ot plant*disease literature duiing tnc six years that have 
elapsea since the first edition. An attempt ha." been made to incor- 
porate the new reseaiches, especially those which bear directly upon 
the types selected for detailed consideration In order to conserve 
spjft:c for the additions, it has seemed necessary to omit the detailed 
treatment of £f few types given prominence in the fiist edition Many 
parts f chapters have been entirely uwiiiten, but the limitation of 
space has made it impossible to include many leatures ^^hlcIl might 
'.cem 'ruble In the lists of impoitant diseases at the end of mo'^'^ 
ol the chapters, only l>pos are selected, with key references wlath 
should serve as a starting point it the student wishes to make a special 
study of a given disease New key references have been added and 
some ol the older ones omiHcd 

The auOior wishes here to cxpiess hi« giantudr fur the words of 
appiemton and Mie lriondl> advice and ciiticisms which have 
leceved from vaiious plant pathologist^, in this countiy and abroad 
•>in(e the appearance of the fust edit«on Special acknowledgment is 
due to my cowwkens m the Depaitnient ot Plant Pathology, Dr. L K 
Jones, Di G A Huber Dr C S Holton, Mr Kenneth Baker and Dr 
Grover Buriictt, for suggestions and aid, and esper ^allv to the last 
named tor assistance in prepari g tiie index and also for a very com- 
plete compilation of the literature on virus diseases which has been 
drawn upon m the revision of Sec III 
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PKLFA( K H> T»K KlllST KDl HON 


years ihe plain pathologist- oj Amri*ca welcomed the 
ip|)f'anuH‘e of ‘MMingous Ih-ea-es of J’lanl^/’ Ia B M Diiggar, as the 
hist genei«d text or refeiom < book of Aiuetic <n origin to (.ceupy the field 
\llh)ngh a nuinl>cr of bo )k- have ‘inee l.edi vvntteii coveiing spi'cial 
I'hases of ]>l?int pathology, j’'> generd manual hie appeared to serve as a 
^«Uid' m cLlsmvs lit gen(*ral plant })»thol<;gv, \vl\ich his now btcopit an 
u((‘lited p*lit of thi agrjeullur<d eiinieohim 1 he pressintr need for ^ 
n,< i(’rm/(d book f r use in the .luhn’^ ^ u i- ,he n»oliv<‘ tlud 

I'lofjifilMi liK piep.iMtjenM tins b*io]v ! Ik pi o. v)l nresem Jion of the 
subpti 1 - t - ‘hi ilh that uKieli h IS Ixen h !h \M*o m thf jiide-r's classes 

UK I Ik Li in 's ( 

\.) all npi h 1 ^ been made lo pib^ent ) vd tlh ‘aIioU* fa‘id fl 

line oi'h iih hidii'iT eiiv nonmeio a! and virn-^ ti’sei'-es \\*11 a** 

n» < ‘» !» If'! !s ’ II jo0‘- oil* .a ' i biu k o"' fes'jK*ted 

M>p MniMi p( I pf u )i uim(>Mou^ nuti(»n\\hhl ^ > necr- jinvdent 

'1 *n M m \eirv lo i n( « d pr >\ nci ol plant p;, /, So^ v It has also 

([!<() dvj ibje \) 'xeid i.ie Ia’u)nKJ\ t\pe n\ pn'sf nl i ion and to 

i»] e !]i-t« li I djei ij](ii e K) wi, I ,() ,p of }, , >ueh aii du r n iinbfT of di'^ 

< I ^e'■ \\ P h i h(' liop( that lli‘ ijt ‘ ho 1 ol afipm »di ^vnl iinon >s tla si nd^mf 
wdh I he iiiif» 0 u'(i ‘f (!u 'Ubjiat and sirunld^ tirt uled taihcr than 
‘ipxih id Nhaiv tdtliiioh 'I wid* i i'*v Loialmg ref*‘r(‘nees ar< 

liiMiividiila <\p(rlalioi < p )H ni Ldo de\elop tiiesi 

I oonimg to th( giuiei il ])]ah 

\v ‘It Omni )i«A l)<‘» h 'iiam »o » e-enf an oizo>i/'(d treat men( ot 
( ultuie iiH I liods ind ^(oieM! pla' ♦ im lioh ensd l('e ihcpa oi t>i I'K'tiiin 
<‘ipU '«• and fUMetjce of di-tase eon’.ol, smet , willi llie lafad stiide^ ioade 
inH'eiiit >iai^, it is t h(' piaetua 1*^ pieseiif t hrM‘ ph , ^e . of t h( ‘•ubjiK't \u 
sej).*ril(‘ ccKHses ^jxhmmI loanu d'^ i(>veiiiig tlies( sul)j(»cts \\(tald bi 
\veleom(‘rl 1>\ all (eathei- In the tieiMiuie (rf iJie parasnir* (iiseases, 
)t has 'denied desiral)l(‘ to follow th ^ ixononne seipienet lathei tlein 
hosi LOoup", siiiee A js not geneiallv po-^ible to lecpii/e systonialie 
<)g> a^ a i^rereqmsite to the element ai\ course in [dint patliolog> (t 
has Ix'on the aim to introduce encKigli sxsteinatie mycology to pro\ide 
for this luck of mycological pieparatiun The order of presentation 
may not suit all teachers. In actuaj practice, it may be wried if desired 
l)V pas«iing to Sec. IV, Barasitic I)is<‘ases, immediately following the two 
mtroductory chapters and then returmiig to a consideration of th(^non- 
parasitic and Mrus diseases 

vii 
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viii . 

A number of principles have guided the selection of the diseases given 
detailed treatment, (consideration has been given to types^of disease, 
economic importance, causal factors or pathogenes and control methods. 
Limitation of space is the ()nly excuse for the omission of certain important 
diseases which would otherwise have been introduced. It is felt tnat the 
historical introductions are well worth alteiUion, as they will serve to 
impress the student with the fact thal our present knowledge rests upon 
a long series of painstaking researches but that in most cases the field is 
still open for new discoveries. 

The author is indebted to a large number of patliologists for illus- 
trations, which are credited in the k^gends, and to other i)at hologists f(»r 
suggestions during the progress of the work Sp<‘cial a(*knowledginent 
IS here made to the late Dr. V lMj)er for suggestions and criticisms 
covering the entire manuscn])t and to the following {or a cnticid r»‘ad- 
ing of portions of the manusciipt: Dr J. R. Jones, Dr. 1. 1'. Meihus, 
Dr C. T. Gregory, Dr. V A Wtnss, Dr l''red R. Jon(‘s, J"rof ,] B S 
Norton, Dr. G. W. Keitt, Prof fl 1^ Bar^s, Dr. L, K. Jone-s, Mr D V 
Fisher, Dr. A, J, Mix, Prof. F. G Reimer, Dr. A .1 Hiker, Dr W H 
Martin, Dr. W. Ilungerford, Dr Wanda W'eiiiger. Dr \ J Giddmgs, 
Dr. L. W. Durrell, Dr. M. h' Barm*-, Dr. L R Ib'sler, Prof R F. Smith, 
Prof. L. K. Melchers, Dr. .1 J. Taubenhaus, Dr. Haven .Metcalf, Mr. 
G, F. Garvatt, Mr. R. P. Marshall, lu*. F. <\ Stakimin, Dr. V 1^' "ftipke, 
Dr. N. A. ('obi), Dr. William Trelease, Dr. G. L, Pedtun*, Dr. H. T 
Giissow, Prof. W. T. Horne, Dr. Charles Brooks and Prof 1" St(‘vvart 
In general, tlie plan was followed of ^Aibinittiiig portions of the manu- 
script for critical reading to those workers who hail ])revioiisl} made a 
sjx'cial ‘^tudy of the .subjects c(»v(‘nal The author lias incor[)oral('d many 
valuable suggestions receivaal from these .-.ources and lau’e wishe^^ to 
express his appreciation for tlu' a.ssislaiice rendered For the final foirn 
of (he manuscript, the author -dom is responsible. 

The aullior is also indt‘btf'd to his coworker.s Prof B. V Dana, Mr 
I'l Is Hojk^v and .\Jr. G 1.. Ziindel for suggestions and ud during thr 
progress f>f the work. 

‘ F 1). 11i:au). 

Coi.LiarE OF \V^'^IlIN{,l'ON, 

Pi 1 T MAN, W ASH , 

St timber, 1020^ 
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SECTION I 

INTRODUCTION AND SYMPTOMS OP DISEASE 
CHAPTER I 
INTRODUCTION 

Plant pathology is that phase of botanical science which deals with 
the^ diseases or troubles of plants. The knowledge concerning plant dis- 
eases now constitutes the field of phytopathology (Greek: phyton^ plant; 
pathos, disease; logos, discourse), a science which has come to rank with 
horticulture, agronomy and soil science in the realm of plant industry. 
The phyiopathologists are the tnained plant doctors, the medicine men of 
agriculture,^' whose final goal is successfully to prevent or control plant 
or crop diseases. 

Disease Defined.— Tt is important that a clear concept of disease, as 
applied to plants, should be gained at the very outset. In discussing 
disease, we may consider plants from ^wo different points of view: first, 
as individuals whose place in nature* is filled by growth to maturity with 
provision for the reproduction of their kind; and, second, as producers of 
crops, economic products or possessors of qualities desired by man. The 
first aspect of disease may be ealled the individual aspect, while the second 
may be designated as the agricultural or commercial aspect. 

First, disease m plants may be defined as -any' variation from the 
normal, as expressed either by the checking or by the interruptioxT of 
physiological activities or by structural changes, which are sufficiently 
permanent to check development, cause abnormal formations or lead to 
pi'emalurc death of a part of the plant or of the entire individual. Dis- 
eases may be localized, affecting only special organs or parts, such as roota, 
sterns, leaves, flowers or flower parts or fruits, or only certain portiou of 
t hese organs may bo \t\vo\vod. Loc<Aiz€d diseases stand in marked oon- 
trast to those ^Aich pervade or affect the entire pkst and may, them 
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fore, be classed as systemic troubles. A few illustrations wiH suffice to 
make this concept of disease clear. If a plant shows minute or more 
extensive yellow spots or dead areas upon its foliage, indicating impair- 
ment or complete and permanent interruption of the chlorophyll function 
of localized areas, the photosynthetic activity or the food-manufacturing 
power of the plant is impaired or lessened just in proportion to the amc unt 
of green tissue that is put out of business. Such a plant is as truly dis- 
eased as one which has suffered a derangement that has caused its entire 
foliage to become yellow or devoid of green pigment. The roots of a 
plant may suffer changes wliich retard or reduce the absorption of water 
or prevent absorption entirely, and the plant may suffer from watel* 
shortage or it may wither and die as a result of these local disturbances 
Whether these disturbances are slight o profound, disease results. 

Localized* killing of bark and cambium at any point on trunk or 
branches, if the killed area completely girdles or eneircles the structure, 
will result in the death of all parts distal io the lesion; and if the lesion is 
on the main axis, the entire plant may be killed, as the root system will Ix" 
starved, due to the breaking of the path along which the elaborated food 
travels from the foliage to the underground structures. Fli)wers may lx 
blighted or fruits rotted by local disturbances which have no effect upon 
the physiological processes of other organs, or those changers may com^ as 
the result of rather deep-soate<l disturbances m the nutntKui of the entire 
plant body. All plant parts are likely to suffer pathological changes, and 
there arc no physiological processes (hat arc free from possible derange- 
ment. TliV physiological proc(*s.ses of absorption and conduction of watei 
and solutes; carbohydrate and proteid synthesis; digestion, respiration 
and complicated metabolic processes, (raiisioeatiun of elaborated food, 
transpiration; growdh; and reproduetion in a healthy or normal plant are 
in delicately adjusted balance the ecjuilibnum of which may he upset 
the operation of either internal or external faetois. 

Seconds difW'ase may lx defined as a * ‘failure of thrifty <levelopment or 
failure of the plant to produce a commercial pioduet of satisfactory 
quitlity and tiuantity ” (Smith, K. 10 and Smith, 10 li, 1911) 'The first 
portion of this definition alone, “failure of thrifty d<'velopmejit,’‘ would 
not suffice for our ajyicultiiral or comnnucial conc(‘pl of diseiisi', since 
thcr^ are various c^ses in W'hieh a plant makes an esjxcially thrifty or 
vigorous vegetative development but yields a product of poor or undesir- 
able qualities. For example, apple trees whicli are apparently the 
picture of health may yield a crop ol fruit seririusly damaged by Baldwin 
spot or bitter f)it, or wheat w^ich has all the external appearance of 
vegetative vigor may yield an abundance of “yellow berry” or starchy 
kerneft. The commercial product may suffer in quality only, or in many 
cases 'there will be. a lowering of quality or grade an<l ^ reduction in 
quantity. Fruits may be disfigured or deformed, and their Keeping 
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qualities lowered; tubers and root crops may exhibit external or internal 
defects; cereals may produce shriveled or shrunken grains, or these may be 
blackened with smut; hay or forage crops may be lowered in nutritive 
properties, and forest products may b^ stained or partially disintegrated 
In all these cases, quality has been lowered as a result of the diseases 
responsible for these defects. As a general thing, severe foliage disease 
are likely to cause a reduction in yield, since yield is so intimately related 
to the carbohydrate manufacture; fruits may be fewer and smaller, 
tubers fewer and smaller, roots reduced in size and forage crops lowered 
in tonnage per acre. 

Agri cult Oral or commercial demands have established certain desirable 
char tc( eristics which should be fulfilled by ^^crop'* or cultivated plants. 
Some of these qualities, which are desirable from the commercial stand- 
point, may be detrimental to the thrift or health of the plant. The 
variegated or golden varieties of our ornamental plants, prized for their 
decorative value, would be classed as sick plants according to our first 
definition. Could we say that the wild parsnip with its slender root is 
less healthy than its cultivated neighbor with its root gorged with reserve 
f(H)d? Many conditions which are prized in cultivated plants are not the 
necessary accompaniments of a healthy or thrifty development. The 
at>()ve concepts of disease open a wide field for the plant pathologist and 
reveal the close relationship between hiv<* province and those of the agrono- 
mist, horticulturist and soil chemist or physicist. 

Needs or Requirements for a Thrifty Development. —Since thrifty 
dovel()i>ment has been emphasized in our concept of health, it is proper 
that the needs or rc^quiremeius for a thrifty development should be 
briefly enumerated: 

1. The proper inherent qualities of ^eed or stock from which plants 
are to be grown This may be expressed in another way by saying that 
the parents of our crop plants should be selected. Seed or stock appar- 
ently sound or free from disease may really be carrying disease in a latent 
form. In such cases, disease may appear in the crop, even though 
climatic and soil factors offer everything that is desirable. 

2. The proper environmental conditK n* of both jiir and soil— proper 
moisture, temperature and light relations; proper physical composii%>n 
and aeration of the soil; and proper chemical composition of both soil and 
air in order that food materials may be available and toxic or poisonous 
substances be absent. For any given crop plant or variety of plant there 
IS a certain amount of moisture, degree of warmth, light iatensity, etc., 
the optimum f which will induce the best development. • With increase 
lieyond the optimum, growth and development may bo retarded until 
the maximum is cached, beyond which death results; or with reduction 
below the optimum, life processes may be slowed up until they eitjier 
reach a very low eUb or cease entirely. 
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3. Freedom from mechanical injuries. 

4. Freedom from the depredations of parasites, either animals or 
plants. 

It may be noted from this consideration of the needs or the re'quire- 
ments for a thrifty development that there are endless possibilities of 
disease production. Any piven plant must be inherently sound; must 
have the proper degree of heat, intensity of light, amount of air and food 
materials; the proper physical environment and freedom from mechanical 
injuries or the inroads of parasites, if it is to make a satisfactory^ growth. 
If any one of these factors, or a group of these factors, is seriously dis- 
turbed, disease in either mild or severe form will n^sult. There may 
be a d’^^turbed water relation — too little or too much — ^ too great 
intensity or duration of light, too low or too high temperatures, deficien- 
cies or excesses in chemical elements or compounds, or parasites that are 
simply living their own life may cause disturbances in the physiological 
processes of the hosts from which they are obtaining their food 

Kinds of Plant Diseases.^ — Three great groups of ]>l}int troubles may- 
be recognized, according to the nature of the causal agents: (1 ) non-para- 
siiic disturbances, due to lack of pl-oper inherent qualities, to impropcT 
environmental conditions of soil or air and to injurious mechanical influ- 
ences; (2) virus diseases j due to an infectious principle, a so-called 
which can be transmitted from one plant to another; (3) parasitic trouhlesj 
due to the inroads of other organisms, or parasites, that live at the expense 
of their hosts, or suscepts, and cause a Flight or pronounced disturbance 
in their life processes. 

Non-parasitic Diseases. — A proper understanding of the physiological 
processes in plants, especially the relation of these to production, w'ould 
therefore seem of paramount importance in slieddiiig light on the numer- 
ous non-parasitic diseases. In studying this group of diseases, the 
farmer, gardener or professional plant doctor can profit by i>eing well 
grounded in fundamental physiological principles and in ttie recognized 
practices of scientific agriculture and horticultur(\ This phase of plant- 
disease study must then stand in intimate relation to the work of the 
physiologist, the agronomist, the horticulturist and the soil chemist and 
physicist. Within j'ceent years, the rapid development of plant pathol- 
oj|y has given gr^test emphasis to the disea.ses due to parasites. Text- 
books in the English language like those by Duggar, Butler and <itherH 
have really dealt with biveterial and fungous diseases, either alone, or with 
but slight emphasis on the non-parasitic disturbances. Thf‘ drift has been 
away from the standard set by such workers as Sorauer and Frank in 
Germany, eacl\of whom gave about equal emphasis to parasitic and to 
non-parasitic diseases. The proper relative impcirtahce of the two tyj>es 
of plant diseases is very well measured by the treatment of the troubles 
of the apple and the potato in recent bulletins. Examples of these non- 
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parasitic .troubles may be cited, as the bitter pit, Jonathan spot', scald, 
cork) drought spot, water core and winter sun scald of the apple; or the 
blackheart, frost necrosis and internal brown spot of the potato. All 
thesef are as truly diseases as though they were caused by the presence of 
a form of animal or plant life. 

Virus Diseases. — This is a group of somewhat related diseases in 
which the disturbed condition is the result of an infectious principle, a 
so-called ‘^\irus,^' w^hich can be transmitted from diseased to healthy 
plants and communicate the disease. These troubles agree with the 
parasitic diseases due to bacteria and fungi in being infectious, but no 
• visible organisms or causal agents are known. The infective principle, 
whate\er it may be, is present in the juice or cell sap of a diseased* plant, 
the different diseases showing varying degrees of infectiousness. In the 
extreme, they may be transmitted by mere contact, while in others, less 
infectious, organic union of a diseased and healthy plant by grafting is 
necessary for the coinrnunication of the disease. The virus diseases 
behave so much like germ diseases that there has been a common theory 
that they are due to invisible microorganisms, much smaller than the 
smallest bacteria. 

The virus diseases are of the sj^stemic type, the entire body of a sick 
[Jlant being pervaded by the infectious principle. Under natural r(;ndi- 
tions, insects are the most important agents in the; transmission of the 
virus from one plant to another. The first virus disease to be given 
definite recognition, the mosaic of tobacco, was reported in 1*886. Since 
that time, numerous diseases of the virus type have been described as 
affecting both wild and cultivated plants. The demonstrations as to the 
behavior of the virus diseavs* and the important part which they play in 
crop losses constitute one of the most important achievements of modern 
phytopathology 

Parasitic Diseases. -In iho bnm iesi use of tho term, parasitic dis* 
eases of plants should include all di.sturbaiices in the life and production 
of plants due to the attacks of some other living orgamsm, either animal 
or plant. The attacking organisms which have become robbers or 
unbidden guests, living at the expense of plants, are the para^sikSy while 
the pUints which harbor and entertair these robbers are the hosts. This 
is not the common society concept of the word “hbst,” but it is a conven- 
ient term and has been establislicd by usage. •Suseepts'^ has-been 
offered as a substitute (Whetzel d aL, 1926). In order that we may 
understand the field covered by plant pathology, a brief synopsis of the 
gtoups of organisms which prey ypon plants, either wild or cultivated, 
may be presented: (1) animal parasites or pests; (2) plant parasites. 

The Animal Parasites.— -These pests are furnished by five great* 
groups: (1) the higher animals, including gophers, squirrels, mice, rabbits 
or other mammals; (2) the arthroporls, including a limited number of 
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crusta<5ean8 like the sow bugs, a few myriapods or thousand-legged worms, 
a larger number of arachnids, represented by mites and red spiders, and 
an enormous number of hexapods, or true insects; (3) mollusks, repre- 
sented mainly by snails and slugs; (4) vermes or worms, represented by* 
certain genera of nematodes or eelworms; and (5) protozoay represented by 
certain rhizopods and infusoria. 

The Plant Parasites. — Those parasites which belong to the plant 
kingdom are found in five different groups: (1) the higher or seed plants 
(spermatophytes), as illustrated by the dodders or love vines {Cuscuta 
spp.) on clover, alfalfa and various other hosts; the leafy mistletoes 
(Visrum and Phoradendron spp.) on various fruit, forest or shade trees; 
the dwarf or scaly mistletoes {Razoumofskya spp.) on coniferous trees; the' 
broom rapes {Orobanche spp.) on tobacco, clover and a few other hosts; 
and other parasites of lesser economic importance; (2) the algvCj including 
only a very few species of little economic importance; (3) the fungi ^ 
of first imp<^rtance as the cause of infectious or contagious diseases, as 
illustrated by molds, blights, rots, mildews, rusts, smuts, etc.; (4) the 
bacteria or Sehizomycetes, with a large and ever-increasing number of 
infectious discasCvS to their credit. These planb parasites listed in the 
order of their importance as causal agents of disease are: fungi, bacteria 
and seed plants. Of the thousands of recognized species of fungi, by 
far the larger number are scavengers, living on dead or decompo.flng 
organic remains, but a large number have l>ecome confirmed parasites or 
are able to live parasitically when the opportunity offers. So numerous 
are these parasites that nearly every plant, wild or cultivated, hus one 
to several, or in some cases numerous, fungi which prey upon it. 

Province of Plant Pathology. — It must be evident that the considera- 
tion of .all parasitic troubles would afford a field so broad and would 
demand such a diversity of training that it could hardly be adequately 
mastered by the plant doctors. Specialization, or the division of labor, 
has somewhat restricted (he province of the plant pathologist or profes- 
sional plant doctor. Consideration of the depredations of higher animals 
and their effects upomagrieultural production is generally assigned to the 
econorpic zoologist. Study and investigation of the insect pests of eco- 
nomic plants, using the term '' insect*' in its broadest sense rather than its 
strictly scientific meaning, to include all arthropods, constitute vi very 
important part of the 'field of the economic entomologist. The field of the 
plant pathologist, aa it is generally recognized at present, includes the 
consideration of all non-parasitic diseases, the virus diseases, all troubles 
due to the four groups of plant parasites and, in addition, the nema dis- 
eases, Of those ^ue to the eelworms or,nematodes and also those of proto- 
aoan origin. A few years ago, no protozoan parasites of plants were 
knowfi, but recent investigations point t(» protozoans as a group of 
increasing importance as furnishing the causal agents of disease. The 
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establishment of the pathogenicity of bacteria for man and domestic 
anima'ls antedated the recognition of specific bacterirl diseases of plants. 
Many protozoan parasites of man and animals are recognized today, some 
as very important agents of disease, but so far as protozoan diseases of 
plants are concerned we are now entering a field of investigation the 
iinporlance of which only the future can reveal. 

The problems with which the professional plant doctor must deal call 
for Ihe broadest kind of a trainings Ho must be well grounded in tie 
fundamentals of pure botany, including plant physiology, histology and 
taxonomy of seed plants; on account of the importance of fungous d’s- 
oases, a detailed knowledge of systematic mycology is an essential part oi 
his equipment; the increasing importance of bacteria as producers of 
plant disease would make him something of a bacteriologist; the similarity 
of plant troubles to those caused by insects leads him into the field of 
economic entomology; without a thorough training in chemistry and 
physics, he could make but little real progress; since the final goal of the 
plant doctor is the prevention of crop losses, or the destruction of plants 
or plant products, he must be in sympathy with agriculture in general 
and should have a good w^orking knowdedge of agronomic, soil and horti- 
cultural science; and, finally, in order that the researches of the world may 
lx^*an open book to him, the ability to read Latin, German and French 
should be acquired. 

The Beginnings of Plant Pathology,— It is undoubtedly true that 
plant diseases were robbing the tiller of the soil of some of the fruits of his 
labor at the very dawn of man’s civilization. Early historic and religious 
writings record the blighting, blasting, rusting or mildewing of the crops 
of the ancient peoples. Thn.» ghout the ancient era and the Dark Ages, 
but little was known of the true physiological behavior of plants; conse- 
quently, the ideas concerning plant di ceases remained fragmentary and 
unorganized. Superstitions, dogmas • nd false interpretations of phe- 
nomena characterized the period. Even in the seventeenth and eight- 
eenth centuries, there was but a slow dawning of our modern ideas of 
disease, and while the early part of the nineteenth century saw the publi- 
cation of two epoch-making works (*' Exantheme dcr Pflanzen,'' by Unger 
in 1833,, and “PHanzen-Pathologie,'’ by Meyen in 1841), neither author 
had knowledge of our current idea of the parasitRm of fungi. This is 
clearly shown by the fact that the later writer attTibutes the siruA of 
corn to the stagnation of sap bnmght about by excessive and unnatural 
fertilizing and calls the smut spores the product of an abnormal nutrition. 
The period from the early beginnings of civilization to 18&1, with its slow 
advancement, may be called the “formative era of plant pathology.” 

The Early Modem Era. — This was ushered in by the publication, in 
1853, of the classical work of Anton De Bary, the great German botanifit 
and mvcologist* on ‘*Die Brand Pilze,” in which he established the 
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parasitism of the fungi associated with rusts and smuts. The causal 
relation of Phytophthora infestans to the late blight of potatoes was proved 
by his investigations published in 1861, and the establishment of the 
relation of the fficidium on the barberry to the rust fungus on wheat fol- 
lowed in 1865. I'h® brilliant mycological work of the Tulasne brothers 
and others in France on the life history of ergot, powdery mildews, rusts 
and smuts (1847-1868) and the contributions of M. J. Berkeley on British 
fungology and vegetable pathology (1846*1860) are also landmarks in the 
early part of the modern era. It remained, however, for Julius Kuhn, a 
contemporary and countryman of de Bary^ to prodace the first modern 
textbook of plant pathology — one based on the mycological discoveries of 
his contempoiaries. This work, entitled ** Die Krankheiten der Kullurge- 
wachse, ihre Ursachen und ihre Verhiitung/' appeared in 1858, and 
presents such an accurate, concise and complete treatment of phytopa- 
thology that Kuhn may with justice be given the title of ‘‘father of 
moder » plant p.ithology.” Soon after this, the “brilliant researches and 
convincing denionsl rations of that noted French savant I^ouis Pasteuj 
swept away the nebulous foundations of sp(»ntaneous genoration ” (1860 
1864), and imprcivemcmt in culture methods soon f()llo\\ed whicli made 
possible more accurate studies of the life histcuu^s of fungi and the ot iolof»y 
of disi^ase (Whet/el^ 1918). 

The Place of Germany in the Early Modem Era.- riie was now 
ripe for more rapid advances in plant pathology, and imp(U't int investiga- 
tions so(»n apjx‘arej and manuals were publidied which vm re destined to 
mold and direct the progress of plant pathological Knowledge. At this 
time, the most important cuntribuiioiis were made b} (iennan seieiitists. 
a few of the out .standing figures lieing Brefel t, io l>e credited with inmier- 
ous publications of a mycological character, beginning in 1872; Sorauer, 
noU'd as the author of “Ilaiulbueh der Pfianzenkrankheiteii/’ first pub- 
lished in 1871 as a single volume but in its present edition expanded to 
six volumes; Hartig, the “father of forest pathology,” and the author 
of “Wichtige Krankheiten der Waldbaume” (1874) and other tn‘atises 
on general and forest pathology'; Prank, the author of “Die Krankheiten 
der Pflanzen,“ first published as a single volume (1880) but later expanded 
to three volumes (1^5-1896), and also of^ numerous other botanical 
contfibulions; Kirchner, whose work entitled “Die Krankheiten und 
Beschadigungen unserer landwirtschaftlichen Kult urpflanzen ” (first 
edition, 1890; third edition, 1923) was arranged by hosts for more practi- 
cal use; von Tubeuf, author of “Pfianzenkilinkheiten dureh Kryptogame 
Parasiten venir.sacht ’’ (1895), later translated by Smith as “Diseases 
of Plants Produced by Cryplogamic Parasites^’ but more properly 
“Cryptogamic Parasites as the Cause of Disease ’ because of its strong 
mycological trend; Kiister, who produced the first compiehcnsive work 
on pathological plant anatomy, “ Pathologische Pflanzenanatomie ” 
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(190?l), later translated into English by Frances Dorrance. While 
only prominent men responsible for manuals or texts are here recorded, 
credit should be given to numerous investigators who, by their careful and 
painstaking researches, placed Germany far in the lead in the Qsalm of 
plant pathology. 

The Contribution of Other Foreign Countries.- While this develop- 
ment of the science (/f plant pathology was proceeding in Germany, the 
scientific workers in other countries were making important contributions 
which were reflected in various manuals and textbooks. A few of the 
more noteworthy ma^ be rcK'orded: Prilheux and Delacroix in France, 
the former the authoi of “Mabuiie*- des Plantes Agriooles et des Arbres 
Fn^itier^ et Foresticrs’^ (1895), a comprehensive work in Jwo volumes; 
the latter the author of “i\lalndle^ des Plantes (’ultiv^es^' (lf^02), 
Maladies Non-pa t aires ” ( 1908) and “ Maladies des Plantes ('ultivees 
dans les Pays Ghauds* (191 1), complelod after his death by his successor 
Maublaiic; Gome<, Savastano and Herlese in Italy -Pomes, author of an 
extensive woik on crypt ogarnie parasites, Pnttogaine parassite delle 
piante agrarie” (1882) and later produced under the same name (1891); 
Savastano, who t/egan publihhmg in 1881 and later produced his book on 
the diseases of trees, “Patologia arborea apphenta'^ (19 10), and Berlcse, 
Ixvst known for his pul hcations on fungi \vhieh b<'gan m 1888, th^‘ mowst 
noteworthy being “leones kungoruni omnium hucusipie cognitonim 
ad usuin Sylloges baeeardiame accoinmodata-’ (1894-1905), designed 
to supplement the descriptions of Haccardi/’s Sijllogc Fungorum, J. 
Ritzema Bos in Holland, best known us one of the editors of the Dutch 
journal on plant diseast.^, Tijdisihrifi over Planlenztekten (begun in 1904); 
Woronin, mycologist and pathologist of Si Petersburg, Russia, known 
especially for his very creditable work on the club r(»ot of cabbage (1878); 
llostnip, the most noted Danish phytopathologist, who produced his 
greatest contribution, “Plante patologi“ (1902), in his seventy-second 
year- Eriksvson, a prominent Heandmaviun scientist, known espt'cially as 
the originatiir of the “mycoplaain theory and as the joint author with 
Ilenmng of an iinp«)rtant work on cereal rests (189t)), “ Die Getreideroste, 
ihre Geschichte und Natur sowic Massregeln gegen dieselben“; Ideta in 
Japan, who published a book translated into German under the title 
“Ixihrbuch der Pfipinzcnkrankheiten in Japan'" (1903); ^larshnll 
^^4M^■d in Kngland,*authoi of many researches and also known because of 
his two books “Timber and Some of Its Diseases’" (1889) “Diseases of 
Plants"" (1901;; and McAlpine, vegetable pathologist of the Department 
of Agriculture, Victoria, author of numerous reports and investigations 
but familiar R) present pathologists*from his “Fungous Diseases of Stone 
FruHs in Austr<ilia"’ (1902), “The Rusts of Australia” (1906), “The 
Smuts of Australia” (1910) and five rather elaborate reports on “Bitter- 
pit Investigations'" (1911-1916), This gives a brief survey of a few of 
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the most eminent phytopathologists of the countries mentioned. Many 
worthy investigators are of necessity omitted, and the student is referred 
to the literature cited for more complete details. 

Phytopathology in America. — An account of the rise and development 
of plant? pathology in America may now be presented. This subject was 
first taught incidentally with botany by Burnll in 1873 at the University 
of Illinois and as a special subject by Farlow in 1875 at Harvard. Two 
early events which gave impetus to the development of phytopatho- 
logicai investigations in the United States were: first, the organization of 
a Section of Mycology in the Division of Botany of the U S. Department 
of Agricultiire (1885), with Lampson-Scribner as first Federal phyto- 
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jhithologist , and. second, the organization of Ihe ^tate agricultural 
(xpt'nment stations by the Hatch \et c/ 1887, which provided S 15,000 
annually to each state expiTimenl stati >n for “scientific investigation 
and expenment respc'cling the principles and application of agricultural 
science, “ with a further addition of 'i>15,000 by the Adams Act of 1906 for 
more fundamental reseaiches bearing upon agriculture. Increast'd 
emphasis ha^ la^en given t(; the phytopathologKMl investigations as a 
result of the Purnell Bill, passed by C^mj^^'ess in 1925, which has given 
J$60,000 additional Federal funds to each expcTiment station. 

The Development of Plant Pathology in the U. S! Department St 
Agriculture. — With the gradual increase in financial support to the U. S 
Department of Vgnculture, the work in plant pathology has grown from 
its simple beginnings with its single worker to many divi^^ions in the 
preaemt Bureau of Plant Industry, with a whole army of plant doctors 
whose activities reach the remotest corners of the country Plant-dis- 
ease investigations in this bureau are provided for m the following 
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administrative groups; (1) Horticultural Crops and Diseases including 
Fruit and Nut Diseases, Truck and Ornamental Diseases, Pathological 
Laboratory (mainly bacterial diseases) and Fruit and Vegetable Handling, 
Transportation and Storage Investigations; (2) Cereal-pathology Inves- 
tigations in Office of Cereal Crops and Diseases; (3) Forage Crops and 
Diseases; (4) Forest Pathology; (5) Sugar-beet Pathology, Curly-top 
Investigations and Sugar-cane Pathology in Office of Sugar Plants; 
(6) Tobacco-disease Investigations in Office of Tobacco and Plant 
Nutrition; (7) Nema Diseases in Office of Neinatology; (8) Mycology and 
Disease Survey including the Mycological Collections and the Plant- 
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disease if>urvey; (9) Blistor-rusi Control; (10) Barberry l^radication ; 
(il'i Citrus-canker Lradieation; and (12) Phony-peach lOradication. 

In addition to these ottices in the Bureau of Plant Industry, /jonie plant 
patbolof^icul interests are provided lor in other bureaus: (1) Fungicides by 
file Plant Patholbgical Unit of the Food and Drug Administration and the 
Insecticide Division of the Bureau of Chemistiy and Soils; (2) (iuarantmes 
under the Plant Quarantine and Control Administration; (3) Inspection 
of Friiita and Vegetables in Division of Fruits and Wgetables of Bureau 
of Agricultural Economics; and (4) Office of Cooperative Extension Work 
ini»ExtenBion Service 

The Development of Plant Pathology in the Various States,- -The 
Hatch Act ,‘reating the agricultural expenment atalions placed them 
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with the agricultural colleges of the different states; consequently these 
institutions have been the state centers of plant pathological activity, in 
many cases cooperating with the Federal departments. Tliis direct 
support ^nd encouragement to teachers and investigators from the land- 
grant colleges and by the Federal department have made possible rapid 
strides in our knowledge of plant diseases. At first, teaching and investi- 
gation in plant pathology went hand in hand and were provided for as a 
part of the work of the departments of botany. In many states, teach- 
ing and inv('stigation have now been separated, or separate .departments 
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of plant pathology organized Whatever the r>rganizalion, there are one 
to several workers in each agricultural experiiiu*nt station devoUng a 
part or all of their time to the investigation of plant-di^t ase pjobieins, and 
plant pathology has becouu one of the r(‘Cogiiized subjects m U»<‘ curncu 
him of the agricultural colh'tre 

The t^mith-Le\(a Bill, pn^seil by nares^ in 1911, and the t^npp(‘r- 
Ketcham xVet fiassial in 1929, which piovided funds ^)r exlfuision woik in 
agriculture, have made possible the canying <>f plant disi‘as(‘ inforniat^m 
directly to the pc^ople l)y phint-<lisease speci.di^ts Many stat(\s have 
already adopted thw plan and are using one to st‘V(‘ial extension plant 
pathologists who x\ork in coo{K*ration wdh the investigators (if the experi- 
ment stations 

Various states are maintaining well-orpamzed state" dcfiartrnen^s ot 
agriculture, and plant-disease work is feeeiving nion- and more attention 
While police or tns|iection duties are of first concern in the state depart- 

' Deceased. 
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ments, some attention is given to field phases of research and tc5 educa- 
tional features Horticultural inspectors should be well trained both in 
plant pathology and in cconoiiuc entomology, a precaution whivjh up to 
the present has not alway*^ been taken, but undoubtedly this state service 
will soon show improvement 

It IS significant that but little of the real piogress in plant pathology 
has come from within the walls of our great endowed universities or state 
universities sepaiafe fiom the land-grant college Within the last few 
years, tliese institutions have begun to intioduce instruction in plant 
pathology and to give more encouragement to plant-disease investiga- 
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lions. "I'his IS an omen of mill iurthei piogn ss foi the •'Pienci^ of plant 
patholoff>, which his toda} nnelied i higlu i (li‘\elopin( lU in^Auienea 
than in .iny otlm pt,rt of lli( worhl ‘ kseit nee like empiio m irclies evei 
w(?»twaid ind thw' centei of phytopat hologic sc u lui* h.c^ bi en tr 
from the (;hl ^o tht‘ New World 

American Contributions. In the (arly te«ichmg of plant jiathology m 
America, principal reliance was placed upon thi‘ (human manuals and 
texts or Enghsh translations of those works American woikors have 
beei^ so busy with ex^Huimeiit-statioii activities oi investigations that 
they have had little tune for the writing of books, with the result that 
many of the most noted pathologists of our country are Itnown only from 
^hey* published researches The mills have been gnjiding steadily, and 

^ DcCcafacil 
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Federal md state bulletins and scientific periodicals are teeming with 
plant-disease information. The rapidity of our progress has militated 
against the production of textbooks, for the orthodox lecture of today is 
out of dale tomorrow 

Those who were attempting to use von Tubeuf and Smith’s Diseases 
of Plants Induced })y (Vypiogarnic Parasites” welc(jmed Minnesota 
Plant Diseases,” by Freeman, in 1905, and “Fungous Dihcases of Plaut^^ ” 
by Duggar, in 1909 The “Spraying of Plants,” by Ijodeman, also pub- 
lished in 1909, was a welcome contribution to our knowledge of that 
important method of disease control “Diseases of Economic Plants,” 
b/ Stevens and Hall (1910 And 1921), was the first American text, to 
include any nbn-parasitic diseases, but in this (hey were given but little 
(‘inphasis Symptoms, effects and control were the features emphasized 
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foi the paraoiiie disea.‘-es, so ihe student wla^ use<l this book would learn 
but little about tungi "‘F^aetena in Relation to Plant Diseased” (1906), 
by Smith, began a nevN ohaplei in our kno^xlodj^e t'f bacterial diseases 
and lias U'en follo\\eii two othei iarj.*' ''olutnes (1011 and 1914). A 
single pr<*fusely lllu‘^^^dted \olunie on “Raeteiial J)i‘-oasOrt of Plants” h{^ 
since b<'eii published by the '.tine author (192t)) Stevens’ work on “The 
Fungi Which (\ause Plant Disea-^a” (1918) and “Plant-disease Fungi” 
(1925), (^lemenl*^’ “Key to the (ieiiera of Fungi” (1909) and Clements 
and Shear’s “Tlie G(*iiera of Fungi ”.(1931) have been of special value 
to plant pathologists as well as to mycologists. Mention should be 
made of two general books. “DLse'ise.s of Tropical Plants,” by M*T. 
Cook (1913), and^a “1’e\tl/ook of Mycology and Plant Pathology,” by 
Harshborger (1917) Several manuals devoted to the diseases of sp<*cial 
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pjroups of plants have appeared. “Manual of Fruit Diseases,” by Hosier 
and Whetzel (1917); “Manual of Tree Diseases,” by Rankin »(1918), 
“Diseases of Truck Crops and Their Control,” by Taubenhaua (1918), 
and a modihcation of this with some additions by the same author under 
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the name of Diceaso^i of Croenliovisf ( >jops and Iheir (Vmtrol ’ (1919), 
“ Manual oi V(Ket.il)lf>-(iaideii DispaRt'R,” by Chupp (1925), and ‘‘Out* 
hn^ of I'orost Pathology,’ by K K Hubfcrt (1931) 


‘ Dfftased 




INTRODUCTION 


17 


Several general bulletins issued by state experiment statioxis are 
worthy of special mention: “A Brief Handbook of the Diseases of Culti- 
vated Plants in Ohio,” by Selby, first published as Bui. 121 (1901) and 
revisec^as Bui. 214 (1910): ‘^California Plant Diseases,’^ by R. E. and 
E. H. Smith {Cal. Bui. 218, 1911); and “The Parasitic Fungi of New 
Jersey,’’ by Carl A. Schwarze (.V. J. Bui 313, 1917). 

Landmarks of Plant Pathology.- - A few of the outstanding discoveries 
or e\ents which have marked the progress of modern plant pathology 
may now be outlined : 

1. Proof of the parasitism of fungi as presented in the researches of the 
German botanist Anton -De Bary on the rust and smut diseases 
(1853). 

Proof of the hetera^oism of the lusts as illustrated by the relation 
of the ieeidiurn on the barberry to the red- and black-rust stages of the 
stem rust on wheat. This was another of De Bary’s important contribu- 
tions to mycological and pathological science published in 1864. 

3. The perfection by Kobt^rt Koch (188D of the plate method of 
isolating bacteria and fungi as a substitutf lor the cumbersome and 
rather unsatisfactory “fractional” method of Klebs and the “dilution 
method ” of JiKSter Koch substituted a gelatin medium which was solidi- 
fied* on glass plates. Agar was soon added and Petri dishes were sub- 
stituted for glass plates, but the term “plate cultures” was retained. 
1"his improvement in isolation tpchnujue made possible more rapid 
progress in the study of life histories of many fungi and greatly facilitated 
the demonstrations of the pathogenicity of b^itli bacteria and fungi. 

4. The proof of the relation of bacteria to the fire blight of the apple 

and pear, ''l^his is to be credu d to Thomas Burrill, professor of botany 
m the University of Hlinois (1879-1881). It is significant that at this 
time, botanists in olher parts of the were also directing their efforts 

to the study of bacteria in connect ion vith plant diseases, as shown by 
the work of Prillieux in France on the rose-red disease of wheat (1879), 
AVakker in flolland on the yellow disease of hyacinths (1883 1889) and 
(V)mes in Italy on Ixict^'fioses of several hosts (1880). Ameritia is proud 
of this notable contribution of Dr Burnll that established beyond contra- 
diction the fact that a definite species ^ f bacterium, Bacillus am tjlovorus, 
was the causal agem of fire blight. 

5. The discovery, by Millardet in France, of the effectiveness of 
copper and lime as an agent in the control of downy mildew of the grape 
and the introciuction of our w'cll-known Bordeaux throughout the vine- 
yards of France (1882-1885/ The use t)f this fungicide ir\ America for 
the control of late lilight of jx/tato and the scab of apple soon followe<l, 
and it rapidly came into very general use as the panacea for various plant 
ills. The Bordeaux period held sway until the discovery of lime sulphur, 
which proved mote satisfactory than Bordeaux for many crops. 
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6. The discovery, by Jensen of Denmark, of the (i aaveness of the 
hot-water treatment of cereals in the control ot their smut diseases '(1887) 

7. The introduction of formaldehyde as a dihinfectant. AH hough 
discovered by Hoffman, a German chemist, in 1867, it was not ufe('d as a 
disinfectant until 1888 (Trillat), and Bolley of North Dakota first dem 
onstrated its practical application as a fungicide m the control of seed- 
borne diseases (1897) 

8. The revival of the use of lime sulphur as a combined insecticide and 
fungicide by the demonstration of its effectiveness as a summer spray in 
the control of apple scab This is to be credittvj to Cordley of Oregon 
and Piper of Washington (1906-1908), and their discovery was soifii 
taken up by the pathologists of the eastern Ignited States. Lirne sulphur 
and lead arsenate rapidly replaced Bordedux and Pans gncm a*- tlu* 
standard apple spray 

9. The demonstration of the cause and nature of crowui gall by Dr 
Erwin F Smith and C O Towmsend, of thf^ T S. Depailment of Agricul- 
ture (1907j. The proof that the crown gall of cultivated fruit trees and 
other plants was due to a specific bacterial organism, Pseudomonas 
ivmefacienSj was the second great event in the historj^ of bacterial diseases 
to be credit(‘d to America This d«scoverv left the myxoin3"C(M(‘ Dendio- 
phagus glohosu.s in its supposed i elation to crown gall as one of the^it'ck® 
that mark the pathway of scientific piogn‘s-. 

10. The organization of the American Phytopathological Society at 
the Baltimore meeting of the American AssociaMon for the Advancement 
of Science in 1909, Thi<- societv'^ and the joiunal Phytopnthohtqt/^ which 
was started in 1911 as its official oigan, have been p(>leiit factois in 
stimulating and directing the t»end of plant pathological work in this 
country 

11. The passage of the Sirnrnons J3ill by the Si\ty-se(‘orid ( 'ongr(‘ss, In 
which the National Plant (Quarantine Act became a law (1012) The 
enactment of this measure and the creation of a Tm der<d Horticultural 
Board to administer the act constituted the fust leg.dized, national efloit 
aimed to erclude foreign insect pests and jilant diseases from this countiy 
Under this law, numerous quaranf iri6‘s, lioth domestic and touign, h.i\e 
been established 

12. Proof of the^effectiveness u{ dusting with finely powdiucd fungi- 
cides and insecticides as a substitute for spiaying P inelv ground sulphur 
and powdered lead arsenate were used with success b\ various patholo- 
gists at Cornell University (1913 1917), and more recintly copper dusts 
have been successfully employed By the recognition of the fact that 
fineness of a 3ust fungicide is a measure of its efficiency and b} the per- 
fection of improved dusting machinery, dusting as a method of disease 
prevention has become an accepted practice foi certain crops and 
disea 
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13. .The recent rapid increase in our knowledge of the so-called virus 
diseases of plants, including mosaics, leaf-roll and peach-yellows types. 
From fiigt proof of the mosaic of tobacco as an infectious disease (1888), 
our knowledge of this group of diseases made slow progress until the last 
few years, during which numerous new troubles of various crop plants 
have been recognized and increased importance has l)een attached to the 
r61e of insects in the transmission of the virus or active principle. If the 
present activities in this field of plant pathology continue, future histo- 
rians may well designate the present time as the momic period. 

14. Three epiphytotics of recent times have had a pronounced influ- 
ence upon the interest of the general public in plant-disease problems 
and have also been a stimulus to phytopathologists. Large sums of 
money have been a[)propriated for investigating these diseases and for 
carrying out eradication or control measures. These diseases are as 
follows' (1) the cheMnul tree blight, the most virulent and devastating 
disease of a forest tree that has ever been recorded (1906 to present), 
which threatens to (xterminate our American chestnut from its native 
haunts; (2) the blister rud of white pine, a hetenecious nist, whici> 
I»Hsses j)art of its life cycle on currants or goosebiTries and is capable of 
siireiplmg from ihest hosts to the white oi other five-needle pines it has 
already spl'ead to uu alarming degree in the northeastern Vnited States 
(mainly since 191 f) and has more recently appeared (since 1921) in 
British ('olumbia, VVashingtvm and Idaho; (3) ntins canker, a bacterial 
disease, which after its introduction (about 1909 1910) spread from Texas 
to the other Clulf states and by 1914 was epiphytotic in port urns of the 
citrus districts of the South. All of these distsasi's were undesirable immi- 
grants from foreign countries: chestnut blight from China, blister rust 
from lOurojie and citrus canker from Japan. The devastation from these 
diseases is the cause of alarm, and tlu > have served to emphasize the 
constant danger from the intnKluction of foreign parasites. 

15. The production of immune or resistant varieties of plants by 
breeding and selection is the most modern phase of plant-diseas^ control. 
The primary stimulus came from the work o^ Orton in breeding strains 
of cotton, cowpeas and melons resistant to Fusanum wilt (1899-1909). 
\\ ith the mcreased emphasis on breeding ‘ relation to agriculture, plant 
breeders are bt^coming pathologists and pathologists are becoming plaift 
breeders. 

16. The campaign for the eradication of the barberry as a means of 
preventing the epiphytotics of stem rust of wheat has been actively pros- 
ecuted sinci^ 1917 by the Federal de^iartment in cooperatfon with the 
various states of the northern Mississippi Valley. This -was first m^ide 
possible by the generous appropriatigns to the U. S. Department of 
Agriculture for th§ increase of food production as a prominent war meat^ 
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ure, and this financial support has been continued, largely because of the 
reported success of similar measures m Denmark 

17 The introduction of the copper carbonate dust treatment of wheat 
for bunt or stinking smut is a recent practice that has been widely adopted 
in every’- wheat-growing state in this country as well as in foreign lands 
The treatment was originated by Darnell-Smith in Australia in 1915, but 
more extensive experiments have been earned out in California, Washing- 
ton (1921 to present) and othei states St\eral seed-dusting machines 
have been developed on a commercial scale in W ashington and California, 
and as a result the dust treatment is more extensively used on the Pacific 
Coast than in the land of its origin 

18 The discovery of the function of the p>cnia in rpsis (Criigc, 
1927 1931) followed by demonstrations of the ongin of physiologic 
strains by hybridization and mutation in tlie rusts and also in various 
other parantic fungi by several investigatoi-> in the United States, Canad \ 
and Australia 
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5 Auf. 6 Bande. Appel, Graebner & Reh. Bd. 2, 1928; Kbhler, Zillig, liBubert 
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SYMPTOMS OF DISEASE IN PLANTS 

It is higiily important lhat all persons engaged in general farming, 
truck gardening, fruit raising, floriculture or forestry should be able to 
recognize the presence of disease in plants. Every plant in its particular 
way shows when it is suffering from disease. Crop producers should n(/t 
only know how plants live and grow but should be familufr with those 
outward signs or symptoms w’hich exist w^hen plants are sick. The study 
of symptoms is the first step in making a diagnosis or the determination 
of the nature or identity of a trouble. A correct determination can be 
made in many casf\s by the observatum of symptoms alone, but in others 
it is necessary to study environmental factors or to dissect diseased plants 
or portions of plants in the search for a pathogene. 

In the nature of the resulting symptoms, there are no hard and fast 
lines that can be draw^n between parasitic and non-parasitic disi'ases or 
between various ^‘insc'ct’’ troubles and thosi' due to bacteria or*fungt. 
The first thing of importance is to detect the presence of disease and 
then to endeavor to find out its cause, nature and probalile outcome and 
the treatment or jireventive practices wdiich should be employed The 
grt‘at diversity of symptoms, the numerous non-parasitic dist urbances 
and the multitude of pathogeiies so complicate diagnosis that the grower 
must frequently seek the services of the trained plant doctor 

Summary of Symptoms. - The following outline of symptoms will be 
of ‘service to the practical grower and uIm) to tlie plant-disease sjieciahst * 

1 Discoloration oi duiiigc ot e(.l(n from th< noiiiuil 

A. Pallor 

a. greoii 

b. Yellow 

Etiolati(*n. 

Chlorosis 

L SilvcTing ^ 

d White albinism 

H Cotored hjxds or ar<*a^ 

a. (jleneial <htTer(‘ne(‘ lx (ut'en paiasitie aiul non-parasitie lrouh]r‘s; exception ^ 

b. Colors. Wlutish o) giav; nxl oi purple; brown; black; variegated and 

eoncentm uIIn yon.u^ 

C AutumnaUcolonitions or ‘■])nng coioranons 

2 Shot liol<‘* Perforations of Ic i\<‘s 

A Phystologiowl Toxk .sub^i.un <*s; fiost ; tlwughl; etc. 

H Fungou. or baK'tenal origin 
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3. Wilting: 

Juvenile condition: Damping-off’^ of seedlings. 

B. Adult plants: 

Physiological wilting with recovery. 

• Wilting without recovery: “Wilt” diseases; thrombosis of woody plants. 

4. Necrosis: Death of parts: 

A. Organs: Ixjaves, stems, flowers, fruits— blight. 

B, Localized areas of tissue: Internal necrosis, bitter pit of apple; internal 

brown spot, net necrosis and blaekheart of potato. 

5. Dwarfing or atrophy — reduction in sizt*: 

A. Entire individual: Non-parasitie; parasitic. 

B. Parts or organs; D^aves, fruits, etc. 

6. Hypertrophy or increase in size of parts: Roots, stems, leaves, flowers, fruits: 

A. Increase in size of cells. 

B. Abnofmul iniiltiplication of cella or mcn^ast* in number Hyperplasia. 

7. Transformation of organs or replacement of organs by new structure's; 

A. Replaeeim'iit ; Hy hcl(*rotium, as in ergot of grasses 

H. Transformations of floral organs: Petals to foliage leave.s, etc ; “pliyllody.” 

8. Mummiticatjon ; Tran^forniatiou of fruits into shriveled stnictnif-j, called Tnuin- 

mies, winch proces.s is initiateil by rotting, followed by resistance to decay. 
Mummi' ^ contam i‘ither dormant aiycehum or overwintering fmits of fungi. 

9 A.lteration in habit and symmetry ; 

4. Change of fiosition from p’-ostrate to ereet or as(‘eiKliug 
Ji Change from ros(‘tte to eauline t> jie. 
m Cliang* of sinij/le leavoh to lobed Itvives. 

7>. Rrdm tion or incriNisi' in branching. 

E. t 'liange in form of inflorescence 
F (’liMTigi' m hvnnnetry of flowers 

10. Di-struct ion of orgai c o , flowers or tlow'ei parts; se('ds; seed^ and pit.s in ‘'blad- 
der plums ”; truit (caryop.si.s) in cc'reaN; ni<’i»rcsc(’jH e. as in loose smut.-, of 
c'(‘r(’Ml.s 

II Dropping of h'MVf'.s, ))]os.sf)ni.'- truit.s or tw jg^ 

12. Proiliietion of c\cr("*c('nce.N ami mrilformaiKins: 

A. Abnoima' InchoiiM' g:ow ih F.niKMiin 

B. Intume.sccjiees on leaves and st^mi Misters or swcdhngs involving gron])s of 

eells but witlaiut the pr<*sence of '• parasite. 

C. Pust nil's, warts, luhi'icles, galls or tumors I'arimiU’ includi'tl Mimiti' to 

large and llesliv or w’ood\ ; c.'own gall, etc 

D. Cankers; l^icahzi'd lesions gem ralh resultuig ui corrosion of tissue with final 

prodnetion of an open nound, generally on woody st nieturi'*' 
o. Parasitii' 
h. Non-iiariis’t ic 

I ' 

E. A itches’ bruun*' 

F. Haicy root: Simph'; broom-root tvpe; woollv knot tv^>e; aerial form. 
a. Production of rosettes: Wcanlv plants; herbacious ]dant^ 

Jl. De\'('lof)nient of doimant or nnlinicntary struetnre.s or of nc'w organs. 

7. Prolifieat ion 

J. Roiling, eiirliiig or ennkling of leavt's. 

K. I'aseiation and .siiiralism * 

L. Roughening of surfaces. Du al or extended. 

M. Ik'forniing of fniits. 

Id. I .udutions. (lUttation and blei'ding contrnst(*d with forr*iation of eMidat«‘s; 

/I. Hneterial c' idatcs* c // . fire blight. 
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B. Sbme flux: Deciduous trees; exudate semifluid, does not set into solid masses 

C. Gummosis: Product of decomposition of tissues; sets into sobd masses, clear 

or amber colored CJommon in citrus and stone fruits. Parasitic and non- 
parasitie. 

D. Rcsinosis: Abnormal production of resin or pitch fnini coniferous trees. 

E. Latcxosis: Exudation of milky juice or latex. 

14. Rotting: 

A. Dry rot and soft rot, the '‘gangrene^' of plant tissue. Fleshy structures more 
generally show soft rot ; woody structures, dr>' rot : 

а. Root rots* Flf'shv or woodN^ rooLs, e.g , alfalfa, cotton; rcKit crops -b(M»t8, 

carrots, etc.; woodv roots— apple, cherrv, etc , and shade or forest trees. 

б. Stem rots* Ilcrbncf'ous stems- -carnation, aster, potato; modified stems'- 

tubers, rhizomes, bulbs or conns (storage organs), woodv steins drV 
rots, as sap rot or heatt rot. 

c. Bud rots: eg , carnation and coconut bud rots, cabhagt* black rot 

d. Fruit rot: Fleshy fruits of nianv kinds 

(1) Non-pa raaitic* Blossom-end nit of tomato, blos.soin-cnd rot of water- 

melon. 

(2) Parasitic* Many on various hosts Mostly fungi Why few bacteria 

1. Discoloration or Change of Color from the Normal. — This deviatioii 
from the normal may be noted on various plant structures as illustrated 
by the pink coloration of the njots in pink root of the onion or by the 
red-spotted fruits characteristic of iK.‘ach yellows, but the discolorfftions 
are very frequent and striking on parts which are normally green, such as 
herbaceous stems and foliage leaves. Plants, like pe<)ple, frequently 
look pale when they are sick. Nutritional disturbances preventing the 
constant production of the green pigment chlorophyll cause iiorniall> 
green structures to become pale green or yell(;wish green or to exhibit 
pallor. The nonnal shade of green for an}' particular plant may be recog- 
nized, and the practiced eye soon learns to tell when something is wrong. 
The green pigment may disapix'ar entirely and i.s place be taken by a 
yellow pigment. When this yellowing is bn^ughi abf>ut by lack of light 
or prolonged exposure to darkness, this condition is spoken of as etioUdion, 
and the v'^llowod organs may be said to be etiolated It may lie noted m 
this connection that the etiolation or blanching of certain garden plants, 
such as asparagus, endives, artichokes, celery, etc., is practiced to secure 
desired flavor oi tenderness and that in certain cases self-blanching varie- 
ties have been secured by selection Somewhat similar effects may 
result from the operation oi other factors, sucli as low temp<*ratures, lack 
of iron, excess of lime, excess of alkali, presence of a virus disease like 
peach yellows or mosaic di&oase or from the disturbances caused by 
bacterial or fuijgous parasites. In these latter cast's, it is the custom to 
speak of the condition as rhloro.s/s^ and tlie affected structures are said to 
be chkyrotie. We speak, then, of iion or lime chlorosis, alkali chlorosis, 
infectious chlorosis, etc C'hlorosis as a disease symptoip should not be 
confused with '^panaschienng,'* in which the leaves are part green and 
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part yellow or spotted with white and green or white bordered. Plants 
showing these peculiarities have been selected and propagated for their 
ornamental value. Silvering of the foliage, or the assuming of a dull, 
metalhs luster, is not uncommon in plums, apples and other woody plants 
and is a stnking symptom of the infcctioua silver-leaf disease or may 
result from non-parasitic disturbances. Among plants, as among 
animals, there are the aZ6mo6, or those entirely devoid of pigment. Such 
constitutional albinos must sofm succumb, since they have no power 
to produce carbohydrate food because of their lack of a chlorophyll 
apparatus. 

^ Discolorations, instead of being general or diffuse, may show as more 
or less definite or circumscribed discolored spots or areas. In such cases, 
the spotting may result fnim localized disturbances from parasites or 
chemical agents or from deep-seated nutritional disorders in wluoh 
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leaf spoiling is hut a pl'ii'-f Then no ceitam charactci \\lucli will 
(hnetentijlr leaf of pirisitie t>i non-parasitic origin, but many 

fungMu^ inlec lions, esfx'ciall^ on nelted-vemed leaves, pro(iu(*e circular 
>{ •'Uhciicular areas or lesions which <iie socm limited in si/e A spot 
conus v\h(ncvei a spore ot a pathogene lodgt s ‘ nd is able to establish its 
mycelium, hence parasitic lesion^ arc generally scaUcred inegularly over 
the Hurfafe a le if and sh(>w no defim arrangement with reference to 
the veins, eMhei large or small Apple foliage injiire<] jiy arsenical spr'^jy 
contaniing free aisemc will someiiines .show a brown spotting ver> similar 
to that caused by the black-rot fungus (Plu/salospojd nialonnn). With 
numerous spotting, th(‘ le.v »n^ may coalesce to form more extended dis- 
colored areas Some parasites that iilvade the leaf spread ufichecked and 
Ro produce extended dead areas or may involve the entire leaf as in^the 
late blight of the potato {Phi/tophthortu tr}feslans) or in leaf invasions by 
the bactena of Are blight {BanUua amyJovorus). Leaf spots due to 
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certain kinds of non-parasitic disturbances are frequently located between 
the main veins of pinnately veined or palmately veined leaves. We can 
oven note that these spots start at the bhnd ending of the veins^m the 
smallest areolae of the leaf oi at points the most distant from the water- 
condueting channels Diought injury or poisoning from smelter fumes 
may show this tyiK^ of spotting, or, under other conditions, terminal or 




Pig 0 e- T t if spot (( ii< K tf *1 
ulmcii ) of < Ini 


Ii 10 licat ‘^pot (^farss(m1n/l 
oc) roli ten) of rhostmit 


marginal discoloiations may result, as m tip burn of the potato' a phe- 
noq»enon of oi m [Mosoumg of leaves bv fumes of hydrochlonc 

acid 

The (hscolorod sptjts riiav b(* gray or whitish, yellov or orange 
reddish or a shade oi piirf)le, brown, black or variegated and either of a 
solid color, concent ncally zon«ite with shades of a single color, or of 
different colors on the two surfaces 'Hie whitish coloration may be due 
to the superficial mycelium and spores, as in the powderv mildews of the 
apple, poach, r^heiry, grape, gooseberry, wheat and other grasses, lilac, 
honeysuckle, rose and many other hosts; to conidial sori, as in the white 
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rusts {Albugo spp.); to the groups of aerial conidiophores, as in the 
downy mildews of the grape, cucurbits, lettuce and also in various 
diseases caused by hyaline-sporrd imperfect fungi, as illustrated by 
sp(*cies of Ramularia and Cercosporella; and finally to changes in the 
l\ost tissue which lift the epidermis and admit air into the cells or inter- 
cellular spaces and so cause a reflection of the light. The centers of 
old leaf spots which were at first brown finally become a dull gray in 
various ciuses. 



Fi(/ 11 A'lolot affected with if soot (AU> rnan’a liola) (Photofjraph htf F P 

Huifil und F. A. H olf.) 

Yellow or orange spots nia> be due ither to tissue changes or to the 
color of spore grouiis or nia'"'es, Tln^n* may be a localized chlorosis, as 
in the leaf sp(it of the vioUd ( Aftitnana vioUr)^ al^o in various downy 
mildews Perono^pora irifidioFirin on alfalfa) and in many rusts {( g , 

T/arizschehn punriaia on peacln, m winch the sporulalion is (‘onfiiH‘d to 
the uii(l(‘r surface, d'he spore fruits of. rusts, ('sprciall^ iho a'cial oi 
cluster-cup*stage.>, ami the paler forms he stwailed '‘red-rust’^ stage 
exhibit varied shades of yellow or orange 

Red or purjile coloration in spots may also b<‘ due to tissue changes or 
to the rnasst's of sfiores develojnMl by the luithogene In the first (yiie. 
there is a decomposition of chlorophyll and the formation of hmI pigment. 
(nrithocyauni) y wliich is dissolve d in the^cell sap. f hlorophyK disappears 
<‘ntirely oi is masked by the pri'scmce of the red pigment lUiis red colora- 
tion is H host peculiarity and is frequently the first response of injured 
cells. Incipient ii^fi^ctions may show the red coloration first, with 
change to brown later, while the occurrem.-jc of red or purple Ixirder may 
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characterize many more advanced lesions. The color variations are due 
in part to different degrees of acidity or alkalinity of the cell Sap. Some 
of the rusts producing the more highly colored types of spore fruits 
would jirobably he classed as red (both aerial and red-rust stages), but in 
such cases more or loss raised or powdery pustules of spores are evident. 

Brown is the characteristic color of dead tissue and is the final color 
of the great majority of leaf spots, although some finally become grayish 
with age Man}’^ rust lesions will sIk^w brown powdery pustules, repre- 
senting either darker rod-rust stages or pal(T blaok-rust son. Superficial 
fungi with dark myccOiuni (sooty molds) or \ 'incus dark-spored, imperfect 
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lungi ni.iv also oauso ilie bioAMi (oloinTioii due to the accumulation of 
mycelunij or Loni(li(ti)liort“- or both (( larlospo/ium fulvum on tomato, 
Ver}fu}ia inaquaJis on -ipijh*) ^ 

'rhe black coioiation is well iIluM rated in the so-called tai spots 
[KhijUsma i^pp ) of the inaph', willow and oak, the black spot (Pkyllachora 
i^pp.) of grasses and other hosts, the black sjiol (Diplocarpon roscc) of roses 
and especially iii some eovennl and naked forms of black-rust sori (Puc- 
cima spp. on* cereals) In all of tfiese examples the coloration is due to 
fungous tissue or to sp(»res, but m a few cases the black spotting may be 
due to changes in the host tissue T'his is well illustrated in the pear, in 
which injured leaf tissue iie(|uentU assumes a very daric or almost black 
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color (Fabrcca maculata) or in the blackspot (Baderivm pninC) of plum 
fruits.. 

Leaf spots may show concentric bands of different shades of brown, 
as in Abe so-ouJled target -board spots characiciistic of early blight 
{Alternaria solani) of the potato or in the frog-eye spots [Spharopst^^ 
malorum) of apple leaves Concentric zones of different colors are a 
noticeable feature in the leaf spot (Mycosplia^rella f/agaria) of the straw- 
berry, in which well-matured lesions are white or grayish in thex:<=nter, 
surrounded by a brown zone bordered by piurple and red, shading oui 
inlo the surrounding healthy tissue. Black and gray or brown concentric 
zon(*h alternate m tiie anthracnose {ColUtotnchum hgenanum) of some 
squashes Alany leaf spots of hosts in which the red pign ent is not 
corraionlj' develoiied show a halo (>f yellow surrounding the brown, 
dead (issue. Some leaf spots show entirely different colors on the two 
sni faces, as is well illustrated in fruiting lesions of grape downy mildew 
winch are yellow abo^ and white below or in alfalfa di>oii\ iiiildew 
with yellow upper surfaces and grayish or faintly purph* undin surfaces. 

'The ‘luluinnal colorations of foliage may be linefi} mentioned at this 
point C^hlorophyll is dccornpoocd by (Ik sunlmbt, and sometimes yellow 
uni i»m] colors of man> and varied sliades an‘ tonned, befoie flu final 
a^sifinotion of the somber brown chaiactensi ic (»f deid-ieaf li^suc 'Fhe 
low lemperatnres tvhich prevail check the norm d liu onjce^-ses and 
prevent the refoimation of ehloK»p}i>ll In a \en Siimlti vvae, the low 
temptTaInres of early spring are rcvsponsible forSellou or red < oh raluir 
of y(King leaves- 

2. Shot Hole or Perforation of Leaves. The foimatmn of localized 
lesK/iis on the leaves is frequ' A]} followed by the falling <Kit of the dead 
or disc*a ^cd tissue, leaving eircnlai or slightly irregular perforations, which 
have &uggcst(*d the descriptive term *‘^hot hole ” Ortain troubles have 
hem c.ijled 4jot-hoIe di so uses becau-' of the p(‘Ciiliar effect upon the 
foliage Idle occunence shot hole i'- not a diagnostn* ieatuie of certain 
ftlKTies of fungi but is moro j)roperIy to be viewed as a host jM^euharify. 
Some vanetie^. are prone to shot hole whenever localized ai>Ms of leaf 
tissue are killed, whether this death of tissue u* ults fiom the presence of 
parasitic bacteria or fungi or from the q>t'ration of non-parasitic factors, 
such as toxic chemical agents, drought ( ^ fiost Among our stone fruits, 
the tendency to the shot-hole symptom is very inarkT'd, in bacterial 
black sfKit {Kavitrium pruni), the leaf sjiots or blights {Cofcomyces spp.) 
of chenies and plums and the California blight (Coryneuvi heijer 7 nckii) 
of apricots, peaches and cOernes. ^Localized action of ^strong blue- 
stone solution, free arsenic or other toxic chemicals on peach leaves will 
cause more or less jMirforation The behavior of the leaves of pome fftiits 
-apple, pear and quiiior, m which pi^foration is rare -is in marked con- 
trast to (he liehaVior of the stone fruits Sometimes extreme cases of 
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shot hole may resemble insect work so closely as to be confusing (Cerco- 
spora and Phyllosticta spots of the Virginia creeper). Sometimes the 
leaves fall before the perforations are complete, while in other cases 
severely affected leaves will renjain hanging until the shot holing has run 
its course 

3. Wilting. Two typi\s of wilting may be recognized: the sudden 
wilting of seedlings, or *‘duinpiug-off'’; and the wilting of growing or 
adult plants. 1'he dainping-off of seedlings is most frequent and severe 
in crops grown under glass, also in gar<len crops or in seedling trees in the 



Fio. 16,— ‘ Daii)pintf-ort oi “son* in*’ of cotton due to Hhixoctoma. 

nursery, but is less injurious in most field crops In these cases, the young 
plant droops over and lies prostrate on the ground or “drop^^ dead,*' as 
it were, for a parasite, generally a fungus, h-is entered the stem at about 
the ground level and has struck a vital blow, interrupting essential physio- 
logical functions. The rigid stem ht^comes flaccid, and the flow of •water 
froHi n>ot to seed leaves is interrupted. Recovery is imp<KSMble, for the 
tissues have been killed at about the ground level by the parasite which 
iui.s entered tK^ young stem from Ihe soil. Vaiious soil-inhabiting fungi 
may cause damping-off, the most prominent being Rhiltocionia spp., 
^thium debaryanuntf Thielavia basicola, Sclerotinm .spp. iind Srlerotium 
Damping-off bv killing numerous seedlings in sugar-beet fields is 
llequently the explanation for poor stands. A damping-off disease of 
ijfrtton seedlings is prevalent throughout the South and is known' to the 
wnters as “sore shin." The rotting of herbaceous cuttings at the 
i|pund line in greenhouse benches is generally due to some of the damp 
i^-off fungi. 
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The normal or pliysiological wilting of growing plants^ followed by 
recovery, should not be confused with the wilting of disease. During 
periods of bright sunshine in the heat of the day, succulent shoots droop, 
and leaves may become limp o*" roll up, due to excess of whaler evaporation 
over root absorption, but when lowered teniperat ui*es and darkness check 



Fiu. 16. — A, internal brown spot of potato, ft, bundle browninf; of potato. 


evaporation the flaccid parts asam become turgid, and growth continues. 
In certain cases, the leaves of plants wilt rather suddenly, sornetimes with 
slight premonitory symptoms, and recovery does not follow. Notable 
cases are the 90-called ‘‘wilt diaeaseg” of herbaceous plants or the throm* 
boses of woody plants, in which the water-eonducting vessels of the hosts 
are jjiugged up with either bacteria or fungous mycelium, so that the 
transpiration current is completely interrupted. The wilt (Bacillus 
tracheiphilus) of cucurbits, the wilt (B. solanacearum)* of Rolanaces or 
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speciep of the nightshade family, the Fusarium wilts of various hosts and 
the thrombosis {Verticillium) of the maple are typical illustrations. 

4. {fecrosis, or Death of Parts. —In some diseases, the death of special 
parts or organs of the plant, as leaves, stems or twigs, buds, flowers or 
fruds, is the first symptom (»f disease that is^noted, although in many 
cases wilting is an antecfdenf phenomenon The affected vStructures 
genor-ilJy assume the rharaeteristie dark or brown colorations of dead 
tissue, and tlie accompanying disease is frequently characterized as a 
Night. Thlv‘^ is well illustrated in the fire blight of the apple and pear, in 
which leaf blight, body blight, twig blight, blossom blight and fruu blight 
are ]>iit phases oi a disease. >Jecrosis nia} be localized m certain 

orgST or it may be more general ami result in thf death of the entire 
plant {c.g.j severe attacks of late hhtihi, J^hytophchoi a inf(stafis of potatc ' 



Locali/i 1 Mre;ih or looups of cells in certain oigans may die, with the 
le^-ult that Miiall o! inassev of brnwii, frequently collapsed cells 

Tna\ t MUid in otheiuis** noimal stru(‘urcs Internai necroses are well 
illustrated in the bitter })U or Baldwin spot ol the .ipples and in the 
inti'rnal brown spot, net m‘erosis and blackhearl of the potato, all of 
which are iion-f)a’\*iMti<* Moubles 

6 Dwarfing or Atrophy. -Kohei the entue uuiivnhial or special 
orjrans imn be ledii**' d in size as a res\b (>if unfavorable iactois, either 
environneuital oi p .rasil ic flatly attacks of parasites which are general 
upon (he foliage, like nnldevvs, rusts’ and other fungi ;Miseases which are 
sysleinic, like Mime of the rteed-borne smuts {TiUdni tntici): or the curly 
dwarf of the potato may cause the affected plants iu rcrwijn stunted, or a 
localized di-^easc^'like crowii gall (Pi^eudomos^s tl/viefar nius) of the apple 
may cause a jieimanent retar i ition oT growth. Loaves m.iy be atrophied 
or reduced m size us the result of localnied parasites t^oine rusts^, in 
witches' brooms; m trees suffering frohi mushroom root rot {Arryuliaria 
mellea) crown or\:ollai rot ot from lowered vitality to winter injury; 
also from various other nutritive disturbances. Reduction in size some- 
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times suggests the common name of a trouble, as in the little-leaf (hsease of 
the apple Tubers may be reduced in size in the Rhizoctonia disease and 
in the vanous degeneration or virus diseases of the potato, and Jhere may 
be similar results in any root crop The small t>ize of the fruits is such a 
characteristic feature that it has suggested the name “little peach/^ 
which IS applied to a serious contagious disease of that fiuit tree, while 
severely rusted cereals pro<luce shriveled and shi unken gram It is nec- 
essary only to compare normal and diseased jilants to note numerous but 
less sinking evamples of reduction in sue 



IiG 18 - 1 3ul O’* c u itcr-ftip stapo f f ash rust {Puccima frarmafa) 


6. Increase in Size or Hypertrophy, I'r i tic ilK all pi uit ms mav 
be stiiriulati d 1)\ (lie a( li«u* of paranti** so tha( th(^> \u narr imhI m m/c 
T he result may In -Ihomi iitliei, hi si, bv tin men in the <^ 1/0 of tlu 
(omponenl cells (u ( cond h} incn isid (ill divi-vion resulting m the 
abiurmd muitiphcatu n of celN (hvpei jihsi t) In some c ist s, increase 
both in M7f andt m number of u lb m iv ‘ ctui (S(‘e also item \2 B ind 
C) pertr jpbied rovds are well illu^tiated in various invewlnzas, in 
the club rool, or hnger-aiid toe* ehse ase {Pl(ismo(Uophoui Ihissuo) of the 
cabbage and edher crucifers and m the loeii knot oi eedweinn disease 
(Cacon^tna Xlfdnodcfi) rmlKKolti) of nurneious hosts, hy^iieiti opined 
stems as in wbrte lust {Albugo (andida) of erueiteis, stem invasions ed the 
Vacamum rust (Caltjpfospora columna7zs) and in some lOxobn ^idiuin 
diseases of certain speeies of the heath family, hyi:)CftropluecI loaves in 
thf well-known leaf curl (Tap^raia deformans) of the peach, m the rose 
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bloom (Exobasidium vdccinii) of the cranberry, in which the pink enlarged 
leaves are grouped to resemble a flower, in various rusts and in many 
other fungi; hypertrophied flowers or flower parts, as in the white rust 
{Albugo Candida) of radish, in infections caused by various Exoascales or 
leaf-curl fungi; and in certain species of Exobasi diales; and hypertrophied 
fruits, as illustrated by plum pockets or bladder plums (Taphrina pruni) 
and the leaf-curl fungus (T, farlowu) of the ehokecherry. 

7. The Transformation of Organs or the Replacement of Organs by 
New Structures. — In the ergot of rye and other grasses (Clmiceps spp.), 
certain of the ovaries are destroyed by the action of the parasite, and, in 
the place of the sc'eds, horny, elongated, dark-purple, spur-like bodies, 
the sclerotia or ergots,’^ appt'ar. The^e are resting structures composed 
of a dens(' aggregate of fungous tissue and serve the purpose of carrying 
llie parasite over the winter jx"ri(»d. In lu^nnal flowu^rs the sepals, petals, 
stamens and pistiJ occupy deflnitc positions, but under abnormal condi- 
tions one kind of floral organ may be transformed into another kind or 
mto ordinary leaves. Stamens may becHuue leafy in the green-ear or 
downy-mildew disease (Srlerospora nraminirola) of Femnsetumtyphoideum 
fyid other grasses; the whole starninate head, or tassel, or the ear becomes 
a leafy structure in certain pliases of the head smut {Sorosporiutn reilia^ 
uurn) of corn; petals may become like sepals, stamens like carpels and 
carpels leaf-like in the uhite rust {Albugo Candida) of crucifers; all the 
floral parts are transformed into foliage leaves in the Japanese plum 
affected with rust {Cceoma makihoi}. The tenn ^‘phyllody’’ is applied 
to the change of floral organs into leafy structures. While phyllody is 
frequently caused by the presence of a parasite, other disturbances may 
produce similar efTec^ts. 

8. Mummification. - riie transformation of fruits into shriveled* 
structures called “mummies'' is a phase of numerous diseases affecting 
our commercial fnuts and may also occur in the fruits of wild plants. 
The fruit generally undergoes an iiiitial charge which w^oujd be charac* 
terizod as rotting, but during this process the tissues become filled with 
the mycelium of the parasite, and dry, shrivel<*d structure which 
results consists of the remains of host cells mingled with this mycelium 
alone or also with spore fruits which have been organized. Mummies 
remain hanging on tlie tree or fall to the ground but resist further decay 
until a later time or after ^hey have produced a crop of spores. Spores 
may de\elop at once or not until the next spring or in some cases not 
until the mummies have passed through two winters. In cases where 
mummies produce spores in the fall, this i)roces.s is continued into the 
following spring, so that mummies may be looked upon as devices to pro- 
vide for the o^^T wintering of \himi parasites by which they are produced. 
The fonnation of mummies is a very characferistic feature of thei>rown 
rot (Sekrotinia spp.) of stone or pome fruits, like apricots, peaches, plums. 
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cherries and apples or pears. In plums or peaches, the brown, sh|iveied 
mummies, frequently cemented into clusters which remain hanging on 
the trees, are a familiar sight in regions where the brown rot of Ihej^e hosts 
IS prevalent. Other typical illustrations may be found in the bitter rot 
(Glomerella cingulaia) and black rot (Physahspora malomm) of the apple 
and m the black rot (Guignardia hidwelhi) of the grape 

9. Alteration in Habit and Symmetry.- -Some plants which under 

normal conditions ar » more or levss prostrate or creeping become ascending 
or even erect when attacked by a fungous parasite and, as it were, signal 
their distress. This is notably true in purslane (pusley), a common garden 
weed (Portulacaole?a(ea)j when attacked by white {Albvgo potiulacecr}, 
and in certain species of spurges {Euphorbia spp.) harboring the cliv4er- 
cup stages (»f rust. The same symptom is shown in Si>me tree diseases ui 
which normally hon/ontal limbs or branches become groufiod into nn^re 
or less erect clusters (see Witche»s' Brooms under Art 12). In these cases, 
a dorsi ventral symmetry is changed to a more or less evident radial 
symmctiy. Cdosely related to the above the cliange from the rosette 
to the cauline typ)e in Launea asplenifolniy the unbranched stem and 
radical leaves being changed to a much branched axis with cauline leaves, 
as the result of a rust {Puennm btdleri)^ ^ 

The vegetative organs may show various alterations; leaven n\ay be 
changed from simple to irregularly lobed, as m a South American bar 
berry attacked by a rust (^cidium). Sempervtvum htrtum with obovate 
leaves normally twice as long as broad may be changed to produce leavt's 
seven times as long as broad when infected with a rust-hke fungus (Endo- 
phyllum sempervtvi) . Leaves may be variously twisted or deformed by 
various parasitic attacks (numerous rust infections); stems may be 
twisted or deformed, and internodes elongated or shortened; and branch- 
ing may be reduced (various rusts) or increased, as m the degeneration 
disease of the potato known as witches’ broom (see also Hairy )t and 
Witches’ Brooms) 

The reproductive structures may be transformed by the action of 
dusease. In the club types of wheal, the lH*ad is changed to the elongated 
or “vulgare” type by the presence of bunt or stinking smut (Ttlleha 
irihci); in a species of Acacia, the inflorescence is changed from a head to 
a ^pike by a rust /CEcidimn escvlentum)^ flowers may be changed from 
regular to irregular (actinomorphic to zygomorphic) or vice rc/,sa, cyclic 
types to strobilate types, dioecious to perfect, and venous other modifica- 
tions of the flowers or flower parts may result. 

10. The I>estruction of Organs.-^ The complete destruction of organa 
may result either from non-parasiiic causes or from the inroads of a 
pathogene. The rudiments of seeds — the ovules — may dry up without 
the production vT seed, owing to low-temperature injuries, lowered vital- 

or failure of fertilization, as in the empty or partially filled cells of an 
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apple, or seeds may be destroyed by the action of a parasite, as in the 
smut of sheep sorrel (Oxalis spp.), in which the spores of the parasite 
( Ustilago oxdlidis) are forcibly expelled from the seed capsule just as if true 
seeds wore present. Entire flowers may be destroyed, or only flower 
parts, as in the anther smut of pinks caused by TJ, violacea. In the case 
of bladder plums due to Taphrina pruni, the pit fails to develop and the 
rudiment of the seed is destroyed, producing the empty inflated ''fools '' 
characteristic of this disease. 

The st)-eallcd "seeds’' or fruits of cereals (the caryopses) are fre- 
quently destroyed by the operation of a parasite. This is notably true 
in* the covered or kernel smuts — kernel smut (f7. levis) of oats, bunt or 
stinking smuts {TilLctia tritlci and T. levis) of wheat and kernel smut 
(Sphacelothera sorghi) of sorghum. In these kernel smuts, the young 
myf*elium of th^* fungus enters the young (leveloping ovary and sporulatcs 
th^TO, using up the food that would normally be stored in the seed. The 
final result is the "smut ball " or spore mass enclosed by a remnant of ibt- 
wall of the kernel. All or part of the grains in a head may be destroyed, 
and all or only part of the heads on an infected plant may he smutted. 
In other cases, the dcstructitm may be more complete and the entire 
inflqrescenee may be involved. This is well illustrated in the loose smuts 
of cereals — loose smut (Ustilago averue) of oats, loose smut (U triiin) of 
wheat and loose smut (V, nuda) of barley. In a typical case, as in 
the loose smut of wheat, all parts of the head except the central axis, or 
rachis, arc destroyed and replaced by a black powdery mass which has 
Ix^en largely dissipated by harvest tune, leaving the rachis naked or with 
only a few remnants of the spore mass. 

11. Dropping of Leaves, Blossoms, Fruits or Twrigs. Thi‘" is, of 
course, to be considered as a symptom of disease only wiien it occurs 
prematurely or in excessive amount. It may first be illustrated by the 
normal behavior of leaves, winch are all .died in deciduous sj*ecies at the 
end of the growing season, ox by the loss of a part <»f th(‘ neodh leaves eacli 
season l)y coniferous evergreens. Und(T sucli conditions, the leaf falls 
lx‘cause of ctTtaiii clianges which take place In the abscissioL la7jersj or 
cleavage zone, at Die base of the petiole, causing a sei'aration. Non- 
Iiarasitic intluenees or parasites acting the growing plant may bring 
about the simio ehanges in th( abscission layers as the cold of autumn, 
thus ]m>tlucing premature leaf fall. Blos^^oms, twigs, irnit spurs or fruits 
may Ix' separated from their points of attachment in a similar mann^^r 

Owing lo a sudden change of external conditirms from a moist green- 
house to a dry room, from moderate to intense light or from eool condi- 
tions to waihi, such house plants as fuchsias, foliage begonias, azaleas, 
rubber plants and many others will drop their leavi^. The dropping of 
the leaves is suqji a characteristic symptom of certain diseases as to sug- 
gest the common name, as in the leaf casts (Ilypoderma or Lophifdermium 
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spp.) of the pine and larch. The shedding of lower leaves which have 
become spotted and chlorotic is a very characteristic behavior of alfalfa 
plants affected with leaf spot (PseuJopeziza medicagmis) or yellow leaf 
blotch (Pijrenopeziza vieduagniis). In severe attacks, some cherries 
affected by the yellows or leaf spe^t {Coccomycesi hjeinahs) may be nearly 
defoliated by midsummer. 1'he shedding of blossoms ma;^ be illustrated 
in the blossom drop of the tomato, which is frequently very noticeable 
during the first part of the growing season when cool, cloudy weather 
prevails; and in the so-called shelling of grape blossoms or of partially 
developed berries. It is probable that the shelling or dropping of the 
reproducing" structures is the result of insufficient food to supply both 
vegetati\e and reproductive activities. In hyacinths given too much 
water and subjected to high tem|)cratures at the beginning of the grooving 
season, the stalk bearing the entire inflorese(‘ncc may separate at the base. 
Dropping of fruits may be illustrated by shedding of bolls in cotton or 
the June drop of stone or pome fruits, the former folloAVing extiomes of 
weather, either dry or wet, aaIiiIc the latter may be induecd by varuius 
factors affeding the nutrition of the developing fruit'-. Parasites local- 
ized on the fruits or fruit pediools may" cause dropping of young fiuits, as 
in scab iVeniuna inacguaUs) of applet { alifornia l>hgh* iCo7yu(inn 
hefjerinckii ) of tlu cherry, d'he casting of fruit spurs may occair in pear's 
or apples, or there may be an abnormal ab.scw-Jion of twies and sin ill 
l)ranch(‘s in i-uch ri'ees willows and p<»plars due to (‘\cess water 
or to tempi rary drought followed by' an excessive sujiply of moisture 

12. The Production ot Excrescences and Malformations, A gnxit 
varirdy' of abnormal foHiiations may bo grouped under (his heading. 
Attention may l>e duected first to a .ondition known as iunenm. which is 
the naint api>]ied by early iny^’ologist.s to an abnormal development of 
hairs or tnclioine^ fi(-iji the surface of lea\es giving feh-like patches. 
AVhile these formations weie at first .wipposed to lie of fungous origin, 
they' are lawv kmovn t(; be due to the effeets of certain parasitic inites 
and are •flehiguateil as nun^e. Common instunces may be found in the 
euno.se of the vine, in which \oung t^chom^ felts suggest the white s{)ots 
of fruiting d(»wijy inildewx and in the erinose of the mountain maple with 
its striking patehes of nai or scarh t hairs. 

Knot -him or Vtt‘^tulo-like disumMcms of tissue, occurnng most abun- 
dantly on lea\(*s but also on stems and fruits, due to the abnormal elonga- 
tion of groups of colls, with or wuhtait increased cell division, are called 
irdumtscttui^^ No parasite is qmcerned in the formation of thest" 
structures, whicli result from environmental factors. In a typical leaf 
inKimescence, groups of jialisade parenehyana cells are abnormally elon- 
gated, so that a raised, bhster-like pustule is formed, ^n <»ther cases, they 
may rupture tue epidermis of loaf or twdg and make a rough, hairy papilla, 
which mav later become brown and collapsed, due to the of the 
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celb. Intumescences are not uncommon on the unripe pods of peas. 
They are in the form of pale, irregular warts, which by their appearance 
almost stiggesi a fungous infcclion, especially if they have been exposed 
to very moist conditions. Woolly rtreaks which appear in the core walls 
of apples under certain conditions are formed by thick bunches of elon- 
gated cells or cell rows and are quite similar in origin to external intumes- 
cences. If the overdevelopment of cells is somewhat general, rather than 
distinctly localized, and extensive sweliingvS of organs result, the condi- 
tion IS s])oken of as “evHoma” or dn>psy. This is not uncommon when 
there has l)een pronounced stimulation of growth or a lessened con- 
" sumption of water wi\h unabated absorption. The condition on apple 



I i.uichei- .lod in, /lb in whuh tU«‘ elom* ited celts sep vrate luid drv to makeii 
d line. biwvM, powder oe so-callrd Man disease’' - is very similar tv> 

0 don HI 

);oe:di/tMl t'Tiiargenients on \anous organs in the form of sjna}] pn ^tules 

01 wart'>, larger tubercle^ tuiut^rb or misses ul cells making a morbid 
outgrow 'h of (‘ilher fleshy oi woody rharaeter, m which host tissues and 
paKuifes iiimgh', are generally dtsiguared as galb These abnormal 
growths may be due either ti) plant parasites, mostly fungi or bacteifa, or 
to various insects 'i'he study of galls and their caa-^al agents constitutes 
a sj)eeial field of science knowm as actfiologi/ A few illustrations will be 
cited to Miow soiiielhing of the variety of gall formation by plant para- 
sites: Very small reddish galls, ^25 'I'ch in diameter or Slightly leSvS, are 
produced or siems, leaves and other parts of the cranberry in the gall dis- * 
ease [Sffnchyirium vni r?rtn ) ; the large, rounded or irregular tumors of com 
emut (V^(ilag 0 zea) up to 6 inches or more in diameter represent about 
the extreme in size of galls on herbaceous structures. The 8 qr<^l^ 
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'‘cedar apples^’ of our common red cedar, evident as brown, more or less 
spherical enlargements, N to 2 inches m diameter and quite fruit-like in 
appearance, are the result of a rust (Gymnosp*orangiU7n juniperi-virgini- 
ancb). The more or less elongated, rough, black outgrowths- the black 
knots -on the twigs and branches of plums and cherries illustrate a 
different tyjie of fungous gall {Plowrightia inorhosa) Bacterial galls 
{I\stu(iomoiWi>. iut>*tfa( hns) are well illusliated ni the* woody oi flesh} 
outgrowths from the ciown of fruit trees and numerous other herbaceous 



} ZO rMlfTMinini k on }*iu . nrg t u^na 


or wo<r<lv the name aoirn qaJI While thf graft unum n 

v('r\ c >mTn(;ii olaee o r ^ucl- they rua} appeal on any ])ai< of tlie 

root ii r,j ant] iI-m upun jonrd pm K, f<u example, on the hlaVt berry, 
wlj(‘?e tin A UP oh rot eiie^ on tht cane^ and are sometime'*- referred 

to ft'- f riTu ^ '1 })(* g ilK on il e lea\e., twigs, branches or trunk of the 

olut‘ h ( n till" lea.e*' but \ ir\ing in siz(' from that of a garden 

|>efi to olle 2 (o 'j « »mt]rra‘t^‘i * in duina r on tli(' branoh('S or ti’unk, fin' 
also (it baet*‘i or igiii n^^nj(h)m(ntf.s^uvftsta mn) Theclubiool or fingiT- 
and-to< di-^eas^ y\ cabbage, turnips and other species oi the mustard 
lami^. charact*^rizt‘<l bv enlarged roots or tumor-like outgiowlhs from tin* 
mam root, ir the eyidou leature in one of the un fiorlanUchytud diseases 
G^loKmodiojyhora bran^iccp). 



SYMPTOMS OF Disease in plants- 


45 


Localized lesions on woody or more rarely herbaceous stems Which 
generally result in the corrosion and sloughing away of tissue with the 
final production of an open wound, expoMng or iieiietiating the wood, are 
designated as cauketw Young cankeis are at fiist evident as localized 
discolored areas upon the baik, but with I lie death of (he tissue involved 

there are shrinking, cracking and shredding — 

and the lesion comes to be more pio 
nounced A tungous c inkei may advance 
slowly or ia})i<lly and may reucli its full 
size in the course of a single glowing se imju 
f inject ion m fall of jirevious year), a-5 in the { 

black ^iKit or P iciJjc ('niM * intei \ ^ 

i.Wof ibfan main iiftuis) of th( apple or i! 
may be perennial, spreuhng in in evM 
wideming zone fnun yeir in u T )] llu 
infoet(d brancli oi truiik i> ginllid and 
killed as \n the Lndotln i ( ank( i a | 

pfi) i^{( ( 0 ^ ut tin cIkMiiu^ In i hav 
glowing, }vuHinid cankt r, Ma ho^-t will 
maki efforts to heal ilie wr iiid o* ♦ > h< id 
oft t^ie progre^-s of tli( jiirisiu in Hu 
*e vidopiuiud *\ cih’is uoiuid the hi\ me 
mg hoidei of ,'iie les-on In tim(» th*‘ 

lioiiding uji (‘f Itie^t iidge^ ot dlu-> will iu‘ | ^ iHf 

evident moie or It'ss Kgulo oi bioken j , g|jF 

oncemm Md^^-e which mirk ntliei >( «j'' , 
or kIs tu^ ginwth, ^se svell u tuitidm j ^ i / 

(he Luio|>t in i mker (A({/ i ^jallnp n o\ | 
ht' i])pl( oi in 'lie Miunella disease A 

(Sttunjeiia d'r^piojdia ot lak-^ ind f Ik -- t | K 

nuts 'I he majoiity of c nkei -luoduoiag 
fungi devii(^j) mainly in tin liark oi with a 
very hunted ixni'rition ol (he WtKxi, Ik ^ JB 

altliouglt iH ol liei ( 1 mentiMuii; IBL*— ^ ^ 

the parasije nui\ eat into the wood md mM n] 2i Ptnm m < mk^rof 
the trunk in two or so weiken il tlud ii s ‘htstmit oik nui to simufia 

COlUhtU fllU 

unable to withstand tlie totce of strong 

winds. Cankers of bacuiial origin ue well illustrntid in the 
canker stage of the fire bliglit (Bodllu^ atm/lovDi i/s) of the ijiple, ptvir and 
other hosts The bacteria in ih(^ majority of lankeis die during the first 
season, but they siirvivt the winter in a limited numlKi, which aie then 
called ‘‘holdover eankers> ' While the majorit \ uf i anki is are of fung )us 
or bacternd origin, Ihe'v mav be caiisid bv non-para^itie influences, as us 
vvell illu mated in^the ' wintei-sun-^cald ” cankers which appear on the 


pH?. 
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southwest side of tree trunks, on the exposed faces of larger limbs or 
in the crotches of the larger limbs. 

Various woody plants may produce closely grou|)ed clusiers of fine, 
slender branches, generally arranged more or less parallel to each other 



Ptq. 22. — Witches'' broom oi service berry due to colhnsii 


and frequently originating from an enlarged axis. Those broom-like 
clusters are called witches' brooms/' which is a literal translation of the 
German name ‘‘Hexenbesen/' originally applied to these structures 
by the* superstitious peasants of central Europe, who attributed their 
(origin to the machinations of witches In the majority, of cases, the 
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ibraBches that normally would-be horizontal, or only slightly ascending, 
become erect or nearly so. Various leaf-curl fungi which become peren- 
'tual in the host tissue arc responsible for witches^ brooms, as is well 
illustrated by the leaf curl and witches^ broom (Taphnna cerasi) of the 
clierry ; nisl^of various species may give rise to very characteristic brooms 
'HI various conifer'^ (c.fi'., Gymnoaporangium hbocedri on the incense cedar); 
Melimpsorella elatina on the silver fir; while the scaly or dwarf mistletoes 
[Hazoumofskya spp.) may he the inciting agents in pine, larch and fir trees. 
The majority of witches^ brooms are due to plant parasites, but in some 
cases insects may play a pairt, as in the branch knot of the hackberry 
(Cdfis occidentaUs)^ caused by a mite (Phytoptus) followed by a fungus. 

A /levelupment t-omewhat sirmlar to the witehe>s’ brooms of aerial 
stnichires may occur cn the root S 3 "stems of woody plants, giving rise 
to an abiKMmal number of fine fibrous roots, trequently making compact 
dusters, tlie .s^^-calierl hairy root.” These roots may originate from the 
mum root or the crowii, from some lateral root, or ^h(y may come from 
the surfaec of a crown gall, giving what is known as tlic woolly-knot form 
of hairy rrK)t. The primordia of adventitious roots may sometimes be 
Organized in closely aggregated groups on trunk or branches but, failing 
to develop inio true roots, may produce rough, papiliiilc, gall-Iike forma- 
tions* the aerial hairy root of apple, pear or (juince 

Just ftfi some plants which normally have the cost tte habit give up this 
tyi)e of growth as a result of disease, others which normally never produiM* 
rosettes adopt the rosette habit when they are diseased. In the forma- 
tion of these rosettes, axes which normally are much elongated remain 
short and congested due to failure of the mternodes to elongate, and as a 
result the leaves are closely grouped. This rosette \\inptoin is so char- 
acten-tie in certain diseases that it 1 ’ given rise {\) the common name of 

ihf (rouble, as in the apple rosette (.f the Pacific Northwest, the pecan 
toscit'" of the southern United States and tin contagious rosette disease 
of jx^aches and plums <if the southeastern ^'lates. Somewhat similar 
iBodificationa of growth may accompany diseases of herbaceous plants. 

])is('ase may cause the development of dormant or rudimentary 
*itruc(ures, or entirely new organs may appear. Doimant buds m^y be 
parted into growth, producing new shoots, as may l)e noted on ringing or 
grilling di.seases of trees, in which the new development is just below the 
of attack* as in silver leaf {Siereurn purput* urn) of fruit trees. Sta- 
mens that norprially are rudimentary in the pistillate llowe»rs of Lychnis 
*Vnm when attacked by anther smut (Cstilago violacea) grow to full size 
»t produce smut spores instead of pollen; or buffalo grass {Buchloe 
^^yloides) may form ovaries in its staminate flowers when parasitized by 
wut (Tilletia Imchlceand). The format ioA of new organs or stfuctures, 
•her similar 1o or entirely unlike any normal parts of the host, “may occur 
tt leaves, stems or flowers. Striking illustrations are found in the 
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production of slender, branched, leaf-like outgrowths from the froncte of 
a fern (Pteris) infected with one of the leaf-curl fungi {Taphnruilaurencia); 
or in the pallid, leafless branched structures which appear on shoots and 
leaves of* a Japanese conifer (Thujopsis), when infected with a rust 
{Cceoma deformans) , New flower parts may appear, as in Viola silvestrts, 
which produces extra petals when affected with rust. 

In certain cases, an organ may continue to produce new growths after 
it has reached the form or stage which would normally end its develop- 



J'f' « An efToot of head smut rr on ear of corn aphhy B F Dana.) 

meat. This ^ym\){ovL\~ prohffrahon or prohfication— is well illustrated in 
the conifers, especially the larch, m which the cone axis may gro^w out into 
an elongated, needle-bearing branch; in ro,ses, in which a new blossom 
may Soirieliinos eome from the center of an )Id one; in eertair composites, 
in which jicnpheral florets may grow into tlungated axes bearing small 
but perfect flower heads, in the so-called “sprouting pears” (also othfer 
pome fruit-sl, in which one |)ear may be formed flireetly above another or 
a leafy twig may continue to grow from the calyx end; or in the second 
growth or sprouting of potato tubers A’liile still in the soil. In such 
cases, there is a disturlied nulnlion giving an oversupply 5f plastic food 
substances. Somewhat similar disturbances may result from the attacks 
of fungi, as in the “green-ear di.seuse” or downj mildew {Sclcrospora 
(irnmtnicoJfi) of cA't.nn gra-ws in which the head is transformed wholly or 
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in part into a looee green head, due to the growth of florets into small, 
leafy shoots; or in corn affected with head smut (Sarosportum rethanum)^ 
in which flowers or an infected inflorescence sometimes grows^out into 
either leafy structures or small leafy shoots with the elimination of spore 
production. 



Fio 26 -Rolling of therry loav»^ duo to powdery niildew (Podoiphorra oxyacanthoe'> 

Rolling, cnnkling or curling of leaves ma> result from the operation of 
either parasitic or non-parasitic factors Rolling of leaves is the first 
signal of thirst m many plants and may serve as a temporary check to 
loss by evapoiiation * This symptom is so characteristic in certain trou- 
bles that it has suggested the common name, as in the leaf curl (Taphnna 
{Exoaacus) deformans) of the peach ; or the leaf roll and curly dwarf of the 
potato, belonging to the degeneration or virus diseases.* In other cases, 
diseased leaves, instead of showing the normal smooth surface, may be 
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variously crinkled or puckered, as in numerous mosaic diseases or in apple 
leaves showing frost blistering. 

Cylindrical organs may become broad, flattened and more ot less 
band-like, as though a numl^r of branches had grown together. Such 
banded or fabciated structures may be more or less twisted or thrown into 
coils or spirals. The entire inflorescence of some plants may undergo 
general fasciation. as has occurred in the cockscomb {Celosia cristata)^ m 
which the abnormality has been propagated for ornamental purposes. 



Fi<i. 27. — Fascintion of ani>lo 


Cylindrical stems inaj shnw little or even no evident tlattemnfi' but may 
grow in such a manner as to produce an irregular scraggly growth with a 
flat or open spiral form, or the spiral form may be noted in the apiralism 
of certain woody plants (e.g., Yellow Newtown apple or the Gravenstein, 
where it has come to be almost a variety characteristic). 

The abnormal roughening of surfaces, which under normal conainons 
should remain smoojjh, is another ssnnptom of disease. This roughening 
may be very slight, aa in the russeting of the skin of apples or pears, which 
may be due to frost injury, to use of a spray like Bordeaux or to th^ 
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attacks of a parasite as in the net russeting of apples trom powdery 
mildew (PodosfhoBra leucotricha) Russeting may be general or diffuse, or 
it may bo localized in the form of small patches, rings or bands. • In some 
varieties, russeting in part or throughout has come to be a normal variety 
character, if t he roughening of the surface is more pronounced, the name 
*‘scuii^’ or *‘scixb’^ is frequently applied to the condition, as may be illus- 
trated by the rough-bark disease of the apple and pear (non-parasitic), the 
rough-bark canker (Pin;! lost Ida prunicola), the scab of citrus fruits, the 
scab of apples and jiears, the freckle or scab of peaches and the common 
scab of potatoes, each an infectious or parasitic disscase due to a specific 
pathogene. 

Fruits may be variously deformed, or root crops may be > cracked, 
corroded or irregular in shape. Deformed fruits may result from such 
parasitic attacks as the apple scab fungus {Vevturia m(vquahs)j or 
sucking insects like the rosy aphis may produce irregular, gnarly apples 
(Stiginc mw), while freezing injury when the fruits arc young may cause 
other deformiliet>. Pears may develop an excessive stonines*-, or an 
increased number of grit cells may be formed (Lithiasis), (dther scattered 
or in localized groups. Potato tubers that are crackeil, corroded oi 
irregular in form are common m plants affected with Uhizoctomo and 
also in the ca«e of some of the degenenition diseases. 

13, Exudations, 'fhe forcing out of water or cel! sap upon frep sur- 
faces is a normal physiological process in many leaves (gutlation', and 
bleeding fr(»ni the cut ends of stem or branches may he exp(*cted in man> 
cases, but in certain diseases the abnormal oozing out of watery or slimy 
products which may or may not set into hard masses i^ a very striking 
symptom. Fhe character of the exudate vari(‘S with the nature of the 
causal factors and the peculiarities of t!ie affected plants 

A, Bacterial Psadateh, - This symptom is wfdl illuslraled in the fire 
blight of apple, p(‘ar and other hosts, in which the ooze or exudate con- 
sists of myriads of the minute fire-blight bacteria mingled with decom- 
position 4 )roducts fioni the affected tissue 'Fhe liacterial ooze may hurst 
out through a bieak in the bark of an active canker and run down the side 
of the trunk or branch. At first, or under conditions of abundant mois- 
ture, it IS a .sticky, fluid mass, but with evaporation of moisture it may set 
iiito firm mashcs^which reiuain until wi ihed away by rains. On succulent 
structures like 1-ycar-old twigs, leaf stalks, flower pedicels or fruits, the 
ooze may solidify into minute, pearl-like droplets, which are clear or 
slightly tinged with yellow. In various other parenchyma types of 
bacterial dfseases, exudate will fie formed, even in bacterial leaf spots 
spreading as !i thin film or ci ust over the surface of a lesion. 

B. Slime Flux. - This name is applied to the fluid or semifluid outflow, 
from the bark fir wood of various deciduous trees, whTch does not set into 
fit did masses. Wounds may bleed, and the exudate, which is really a gfxxl 
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nutrient solution, may support various bacteria or fungi which delay or 
prevent*the liealing process, while in other cases decomposition products 
of the diseased tissue may be formed and finally poured out upon free 
surfaces^sometimes with the development of pockets due to the breaking 
down of affected cells. Parafsitic organisms may be associated with slime 
flux, but in other cases they are to be viewed as accompaniments of tissue 
derangement , 

C. GummoHs, — This term is applied to the formation of clear or 

amber-colored exudates which set into solid masses upon the surface of 
affected parts. Internal gum pockets may be formed which beebme 
filWd with the decomposition products of the diseased tissue, or the 
decomposition products may be forced out upon some free surface wb,ere 
they accumulate. With continued disintegration of tissue, tic gum 
masses may increase in size, .since they are not soluble in water. Gummo- 
bis IS a |)eculiarity of certah* plants and is therefore no reliable indicator 
of any specific parasitic or non-parasitic disturbance. It is an accom- 
paniment of many diseased conditions in stone fruits, especially in 
cherries and peaches, and is also common in citrus stock. In the above- 
itientioiied plants, guminosis is likely to follow a localized death of cells 
from any cause whatever In the cherry, for example, it may result 
front growth in heavy, poorly aerated soils, from too deep sotting, from 
winter injury, from excessive pruning, from the presence of pathogenic 
bacteria bacterial gummosis {PsewJomofuis cerams)— from a definite 

fungous disease — e.^., California blight {Corgneurn befJertnckiiy--oT from 
the injurious effects of an insect pest— San Josc^ scale. It should then 
b^' emphiisized that gummosis, in itself, is not a disease but a symptom of 
disease whicli may be brought about in a great variety of ways 

D. Nc.siuoais- The production of resin by special secretory canals 
IS a normal featun^ in pines, firs, spruces and other coniferous trees, and 
the limited occurrence of pilch a.s a sutface exudate is frequent, but the 
excessive outflow of resin may indicate the presence of dis(‘a3e. Resinosis 
if an attendant symptom in certain coniferous rusts {Peref^rnnum spp.) 
and may also result from the attacks of wood-destroying ^fungi, the 
abnormal production of resm sometimes gnnng the first signal of the 
presence ^of an internal parasite. 

E. Latexoms. — The production of i. ^ x, or a milky fluid, in special 
lactioiferoiis vessels is a characteristic certain specie^ of plants, and this 
milky fluid will ooze out from cut surfaces. An abnormal outflow of latex 
may accompany certain diseases the older stages of rubber canker. 

14. Rotting. —Succulert or woody stems and naits, fleshy leaves, 
flower buds or fruits may be affected with cither dry o? soft rot— the 
“gangrene of plant tissue. The character of the rot may depend op the 
structures involved, the causiil facton? <ir complications and external con- 
ditions; In theWjority of cases, soft or pulpy fruits undergo a soft, oi 
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wet, rot, because of the abundance of water in their tissues, while finner 
structures are affected with dry rot unless the initial changes are,followed 
by the attacks of putrefactive bacteria. 

o. Root Rots, — Either fleshy or woody Toots may be attacked by 
bacteria or fungi which may cause a rapid or a slow disintegration of the 
invaded tissues. This effect is well illustrated in the destructive Texas 
root rot {Ozonium omnivorum) and the root rots of alfalfa due to various 
fungi (Fusanum spp,^ Rhizoctonia spp,). Root crops like beets, carrots, 
turnips, parsnips, sweet potato, etc., may develop soft rots due to bacteria 
[Bacillus carotovorus and others), 6r either dry or soft rots may be 



caused by fungi (e r, , Phoma betcr on beet, Rhizopus rot of sweet potato; 
Woody roots of our forest and shade trees, or of bush fruits or ornamental 
shrubs, may be rotted by tungi. The shoe-string fungus or honey agaric 
(ArmiUaria mellea) as the cause of mushroom root rot is a parasite of wide 
distnbution; the Ozomum of cotton attacks many other hosts, both 
herbaceous and woody, and vanou& wood- destroying fungi may work in 
the roots and trunk of affected tree 

b. Leaf Stem Rots,- Succulent or herbaceous leaves or stems may rot 
from the inroads of either bacteria or fungi, as in the late blight (Phytopk- 
thora infesUms) of the potato, thV slimy soft rot of lettuce (bacterial), 
thf stem rot or wilt {Sclerohiiia scleroHorutn) of various garden and field 
crops, the stem rot (Fnsarium sp.) of the cultivated aster, the blackleg 
{Bacillus at^osepticus) of potato and numerous other ilhistrations. Modi-^ 
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fied stems, or tuberB, rhisomes, bulbs and conns, are storehouses of re^rve 
food and as such furnish an excellent pabulum for bacteria or fungi, and 
since their tissues are in a dormant or languid condition they frequently 
fall an e&sy prey to weak parasites. The potato with its soft and dry rots 
due to various bacteria and fungi will present typical illustrations: dry 
rots due to the late-blight fungus {Phytophthora infestans) and various 
species of Fusarium; soft rots due to bacteria following late-blight attacks, 
•to the tuber phase of blackleg or to the inroads of a soil fungus (Pyihium 
debaryanum) , which produces the disease known as watery soft rot, 
melters or leak. Woody stems of living hosts — standing dead timber or 
posts, poles and lumber — may undergo decay or disintegration by the 
action of wood-destroying fungi which grow through or between the wood 
cells. In living hosts, these fungi are generally wound parasites, entering 
through some opening which has exposed the wood. Once on the inside, 
they may continue to grow, sapping the life of the tree or destroying its 
mechanical support. Certain fungi grow primarily in the heartwood 
{heart rots), while others grow primarily in the sapwood and bark {sap 
rots). Wood that is invaded by fungi may be discolored or made brittle, 
soft or punky, the exact effects varying with host and fungus. The 
appearance of fruiting bodies on the bark of trunk or branches or at 
the crown of a tree in the form of brackets (‘Spunks or conchs'’ of lumber- 
men), flat or prostrate, smooth or toothed structures or toadstool-like 
forms is a signal that the branch or trunk is already pervaded by the 
vegetative body of the fungus, which is now emerging from its hiding 
place in order that it may send its offspring in the form of spores to con- 
quer new worlds. Many wood-destroying fungi are pure saprophy < es and 
in such a rAle cause the disinb gration of posts, [x>les aiKl structural timber 
whenever it comes in contact with the ground or is sufficiently moist to 
support fungous growth. 

c. Bud Rots . — Fleshy buds sometimes offer s congenial home for rot- 
producing organisms. This may be seen in the bud rot of the carnation, 
a disease in which the unopened buds may have the enclosed petals and 
other flower parts rotted by the combined action of a fungus (*Sporotn- 
chum anthophilum) and a mite. The- spores of the pathogene are appar- 
ently carried by the young mites which migrate to unopened buds and 
soon find the soft, rotted petals a suitable substratum in which to complete 
their development. 'A second illustration is afforded? by the bud rot of 
the coconut, produced by a fungus {Phytophthora faberi) with secondary 
invasions by bacteria. It is claimed that this disease is spread by vul- 
tures which are attracted by the odor of putrefaction. ^The cabbage, 
which is really a specialized bud, may be entirely destr9yed by the bac- 
teria of black rot {Pseudomonas campestris) and secondary invaders i^hich 
work down the Igaf veins and get into the center of the head,, finally pro- 
ducing a putrid, foul-smelling mass. 
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d Fruit Rots . — The rotting of fruit may result in a few cases from the 
operation of non-parasitic factors, but the great majority of cases of fruit 
rot are due to either bacteria or fungi. The best example of a non-para- 
sitie fruit rot illustrrated by the blossom-end rot of the tomato, which 
generally begins on immature fruits and produces a dry, black rot on the 
blossom end. The rotted tissue is frequently invaded by fungi, which 
were at first thought to bear a causal relation to the disease; but it is now 
known that these are entirely secondary factors and that the decomposi*- 
tion of the tissue is the result of a deranged nutntion A somewhat 
similar blossom-end rot of t he watermelon has been observed in the South 



Fig. 29, — Bluo-mold rof (PonicilliunO of applo 


The great majority of fruit rots of parasitic origin are due to fungi, 
rather than to bacteria, since the chemical reaction f)f most fruit juices 
seems to 'be unfavorable to the growth of bacteria but favorable to the 
growth of many different fungi. The soft rot {Ikinllus melonis) of the 
muskmelon is due to bacteria which gam an entrance through some 
iY^)Und and cause a complete decay with an offensive odor. Bacteria of 
fire blight will grow in young fruits of susceptible hosts but are never 
responsible for the rotting of mature fruit or fruit in storage. None of the 
transportation or storage rots of small fruits, stone fruits or pome fruits 
is caused by taclena, but numerous fungi belonging to widely separated 
groups are very dost ructive. 

^he fruit-rotting fungi may gain an entrance through the unbroken 
skin in numerous cases— e.g,, bitter rot of apple {Glovyprella cingulaia)— 
but many fungi can enter only through a wound or bruise. The rotting 
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may tegin when the fruit is still immature and hanging on the tree and 
continue during transportation to market or during storage. Many 
fruit-rotting fungi are weak parasites and attack only ripe fruit, just at 
the time of maturity or after it has been harvested. Soft fruits like 
strawberries sutfer rapid decay from fungi, wliile fruits like apples with a 
protective epidermis may be preserved for a long time. If it were possible 
to prevent the inroads of fungi, the dr 3 dDg of fruits from loss of moisture 
would be the factor limiting the ke<^ping of fresh fruit in many cases, 
although it must be remembered that the cells of fruits are 6till alive and 
that chemical breakdown will follow in due lime even tlioiigh moisture 
is retained and fungi are excluded {e,g., internal breakdown of the applet 
Kols of fruits may be soft or dry, varying with the nature of the fruit, 
the identity of the causal organism and the environmental factors which 
are operative. Strawberries attacked by NImopus rugrirafis undergo a 
very soft watery rot which is called “leak,” wliile fruits affected with 
Botryfis remain firmer and finally dry to shriveled mummies. Apples 
rotted by blue mold (Penicillum) are soft and decay completely, while 
attacks of brown rot (Sclerotinia) may finally produce slightly shrunken, 
coal-black mummies wdiieh resist final decay. Fruits which are Hot fleshy 
may be attacked by fungi and undergo decaj^ or dry rot, as is w’ell shown 
in the dry rot (Diplocha ze(x) of corn, which is very destiiictive in the corn 
belt of the United States. The most important fungi causing rots of our 
perishable fruits are species of the following genera: Pythiacystis, Sclercj- 
tinia, Penicillium, AJternana and Phoin()p>sis on citrus fruits; Glomerella, 
Pliysalospora, Neofabra^a, Sclerotinia, Penicillium, Botrytis and Alter- 
iiaria on apples and pears; Sclerotinia on stone fruits; Botrytis, Rhizopus 
and Penicillium on 8trawl>erries and bush fruits; and Guignardia, Plas- 
mopara and Glmosporium on grapes. 
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NON-PARASITIC DISEASES 

CHAPTER III 

DISEASES DUE TO DEFICIENCIES OF FOOD MATERIALS IN 

THE SOIL 

Considering the varying origin and composition of soils and the fact 
that plants must (»btaiu the large part of their food materials from the 8c*il 
environment, disturbances of nutrition due to insufficient amounts of 
some f)f the essential food materials may be expected under certain 
natural field conditions. 

Chemical Elements Required by Green Plants.™- Every green plant 
requires ton different chemical elements, and these must be obtained 
either in the form of elements or combined in compounds which are 
available in the environment in which the plant grows. These ten essen- 
tial elements are as follows: carbon (Cj, hydrogen (H), oxygen (O), 
nitrogen (N), phosphorus fP;, sulphur (S), potassium (K), calcium (Ca), 
magnesium (Mg) and iron (Fe). Most of the carbon and oxygen are 
obtained from the air as carbon dioxide and free or elemental oxygen and 
used by the plant in the process of carbohydrate food manufacture or 
photosyritliosis and m re^pl^ati()n. The great volume of elemental nitro- 
gen which forms fi)ur-tifths of the atmosphere is available for only a few 
st)ecializ(‘d plants which-have the [xiwcr to fix free nitrogen. Hydrogen 
is obtained m part from water. The hnir elements named are volatilized 
and lost when plant tissue is burned or reduced to ash, but the other 
essential elements S, K, (’a. Mg and Fe, together with a number of 
other accessory ones, are left b hind in the ash. Crop plants, exclu- 
sive of the legumes, must get their nitrogen from the soil in^ combined 
f^rm, and all crop plants must derive their ash constituents from com- 
pounds whJeh are brought into solution in the soil water. Some of the 
non-essential elements of the ash serve no important function in the life of 
the plant, while others may be of value because of a stimulating effect 
or because t^ieir incorporation modifies certain plant structures. 

The Uses of the Essential Elements. — Carbon, hydrogen and oxygen 
are combined to form carbohydrates, which are essential foods for crop 
plants. In addition to these three elements, nitrogen, sulphur and 
phosphorus enter into the composition of proteins &nd nucleoproteins 
which are manufactured by green plants and ut^ized in the nutritive 
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process. Potassium is essential for healthy growth and accompanies and 
plays a part in carbohydrate synthesis Calcium is necessary for normal 
leaf development; it exists as calcium pectinate, in the middle lamelke, 
which cements adjoining cells and may serve a protective action bv com- 
bining with oxalic acid to form crystals of calcium oxalate which are 
insoluble. This would prevent the injurious effects from the accumula- 
tion of oxalic acid. Magnesium^ if not an actual constituent, at least 
accompanies certain proteins and is contained in chlorophyll. Iron in 
minute amounts is essential for green plants, and its lack prevents chloro- 
phyll formation. When deprived of iron, plants develop pale or chlorotic 
f foliage. Some of the essential elements may serve in the growth of plants 
in other ways — for example, sulphur appears to have a stimulating effeci 
on certain crops, while calcium appeal's to help in maintaining a proper 
soil reaction. 

Elements Likely to Be Deficient. — Carbon, hydrogen and {»xygen are 
generally available to the growing plant m sufficient amounts to satisfy 
the needs In certain cases, lack of oxygen may cause asphyxiation of 
roots or play a part in storage troubles of plant products (Chap. VI on 
Diseases Due to Improper Air Relations). Water shortage probably 
CHiises injuries because of interference with other w^afer functions, rather 
thair by depriving the plants of hydrogen furnished The principal 
deficiencies of chemical elements are of those supplied to the plant through 
soil compounds Those which are most likely to be deficient in certain 
soils and t^> limit plant growth or give rise to abnormal or diseasi‘d condi- 
tions are tulrogen, phosphonis and pc»tassium. Under certain condition^, 
manganese, sulphur, magnesium, calcium, iron or even such a toxic 
element as boron may be lacking m the prop/u* amount The absence 
of an elcjTient or its presence in non-available form will lead lo the same 
resuhs. The shortage of a single one of the essential cleinentb or of 
two or more in the soil of fields or greenhouses simply retard or 

restrict growth and fruit forinatum if the shortage not too pronouncea, 
or if the deficiencies arc greater, marked pnthologicai conditions may 
result 

SAND DROWN OF TOBACCO 

A deficiency in the supply of magi«esuim has been sh« wn to cause 
disease in various plants (Graebner, 1921), but a chlcu'oj^s of tobacco may 
l)e desciibcd as illustrating this type of derangemont This chlorosis (‘f 
tobacco which has recently been investigated m some detail has Inxm 
called ‘'sand drown,” because of its occurrence on sandy soib which have 
been leai^hed by lieavy rainfall The disease was first obserf ed in North 
Carolina in 1912 and has since been studied in that state and in otbei 
tobacco sectioii' 5 . 

In general, it may be said that with approximately normal rainfall and the 
use of fertilizers of the grades and quantities that have been most widely employ^ 
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in tobacco culture, sand drown is not commonly seen in sufficiently severe fonn 
to attract attention or to cause serious loss (Gamer et al.j 1923). 

~ ThotJifiease is, however, fairly frequent in certain sandy soils in seasons 
of excessive rainfall. 

Symptoms and E'Sects. — The affected plants are marked by a chlorosis 
which begins with the tips of the lowermost leaves and advances until 
the whole leaf is involved and in the most severe cases nearly the entire- 
plant. The chlorosis advances from the tip toward the base or from the 
margin toward the center of the leaf. The discoloration is not complete, 




Fia, 30. — Leaves of tobacco affected with sand drown. (Afttr Gamer ct a/ V. S Dcjtt 

Agr ) 


but the veins and* some of the adjacent tissue retain more 05 less of the 
formal green cokir so that affected leaves show a characteristic mottling 
The affected tissue becomes a dull, pale yellow or in extreme cases almost 
pure white, since the green and also the ycOlow pigments arc affected. 
The color is distinct from the clear lemon or orange-y(*llow characteristic 
of etiolatecfleaves or those whichhave been blanched by depriving them 
ot light. The leaves of affected plants generally reach normal size, since 
the disease appears but rarely until the plants arc of considerable size 
It is more common after the plants have been topped than in earlier 
^^ages. 
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As.might be expected in such a disturbance of the chlorophyll appara- 
tus, the cured leaves from affected plants are thinner and have less weight 
than those from normal plants. In certain tests, normal flue-cured 
leaves per unit area have been found to be 45 per cent thicker and 65 per 
cent heavier than diseased leaves. The cured diseased leaves are injured 
in texture, since they are drier and niore lifeless than normal leaves. The 
color of cured tobacco has an important effect upon its commercial value, 
and it may be noted that sand drown causes a marked reduction in this 
respect. 

In the flue-ciire(i district normal leaves when properly <*ured have a bright 
lemon to orange color, and in otlior districts the colors range through various 
of brown w it h j^ntluT i\ reddish or a greenish cast. On the other hand, 
the leaves or the j)ortions of leaves affected with sand drown show', after cur- 
ing, a dull, faded apf)<‘arancc hinnlar to that observed in the field ('Cianier et ai, 

ni 28 '. 

Sand drowm, tbendore, may cause a lowering of grade or quality 
be^jtuse of iinpainnenl of color, reduction in weight and unfavorable 
effects on the body and elaslicity of tobacco leaves 

irobiteco is afTect(‘d by se\ond other types of chlorosis w^hich should 
be differ^ lit iated from sarxl drown: fl) potash-hunger chlorosis; (2) 
pallor due (o sulphur deficiency; frenchmg; and f4) infectious eldorosis 
or mosaic. Tho chlorosis of potash hunger ic; distinguished from sand 
drown by puckering of the leaves and by a characteristic downward 
curving of tin* leaf margins giving the condition knowm as “rim bound” 
•md by ihe proinjit appearance of small, dead spots in tlio affected leaves. 
In .^ulfihur deficieiicv, tlu' color oi the whole leaf is a light shadi' of green, 
midrib, veins .and intraveiiiou?. aaavs being unihinn. In freneliing, the 
leaves are mottled somewhat similar those of sand drown, hut they an' 
smaller and generally narrowi'r than normal leaves. The characterist te 
mottling (»f mos;u(‘ is distributed uniformly over the leaf and ai)|>rars only 
in the growing tissue. 

Etiology. Sand drown has been shown to lie due to a magnesium 
defieioncy. According to (iarner et aL (1923), the disease may result 
under fiebl conditions when heavy rains remove the magnesium from 
sand soils by leaching. Also the use of certain fertiliztr salts may leacfto 
.sand diown even in seasons of normal rainfall and e\en on the hea\iev 
types of sod It has benm possible to produce' sand drown in j)ot cultures 
l\y watering the soil with conqilele 'nutrient solutions from which magne- 
sium has Ix'en omitted. fJalvanized-iroii buckets with fS'rtoratfd bot- 
toms were used and the nutrient solutions were add4Mi*in conside^iihh' 
excess so as to cause leaching, this procedure, sand drowm apjioared 
quieklv wdien magnesium compound waft omitted. When the diseaM* 
had not progressed too far, further proof of the fact that the ehloroBis^was 
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duf to the deficiency of mi^gnesium was obtained by the ready restoration 
to normal by the addition of magnesium. It is also stated that: 

Under favorable conditions, the disease may be induced by applying the 
fertilizer salts (with magnesium omitted) to the soil before transplanting and 
avoiding any leaching action in watering the plants. Naturally, the symptoms 
are loss severe than when leaching is employed. 

Sand drown has been greatly increased in severity in field tests by 
the application of certain fertilizers, while it has been reduced or pre- 
vented by others. Tn fertilizer tests on the Durhar;? sandy loam (North 
Carolina), it was found that even the smallest applications of potassium 
sulphate lesulted m a marked increase in the amount of the disease and 
thai the chhjrosia became moi(‘ severe with increases in the rate of appli- 
cati(m of the sulphate When ammonium sulphate was used as a source 
of nitrogen, the disease was accentuated, a fact which again demonstrated 
the injurious action of sulphates 

It has been shown that fertilizing with vegetable forms of organic 
matter tends to prevent the appearance of sand drown For example, the 
application of 500 pounds of cottonseed meal per acre showed a reduction 
in the <lisease and delayed the onset of the symptoms The protecting 
effects of plant organic matter were shown m fertilizer tests with ti>b?i-cco 
stalks and stems and barnyard manure with the additiem of the necessar}' 
mineral fertilizers, but when dried blood was the source of the xiitrogen 
the symptoms of the disease api>eared. The application of common salt 
at the rate of 200 pounds per acre prevented sand drowm, but when the 
chemically pure product was used no benefit resulted. Sand drown has 
also been prevented by the use of dolomitic limestone. 

It IS the beliet that the l>eneficial effect of salt, cottonseed meal, 
tobacco stems, manure, lime and impure potash fertilizers in preventing 
sand drown is due to the magnesia supplied by these fertilizers. Common 
salt contains a small amount of magnesia and is also believed to liberate 
magnesia when applied to the sod. 

Cottonseed meal contains about 1 per cent magnesia, and this offers a p#)8sible 
explanation of the marked preference for this fertilizer .material by tobacco 
growers of the Connecticut Valley where color of the cured leaf is of so much 
imjlortancc It may4)e that vegetable material of this character through gradual 
decay in the soil furnishes a more or less continuous source of magnesia in suitable 
quantities tirough the growing season (Garner tt al,^ 1923). 

Agricultural lime generally contfiins more or less magnesium, hence 
will prevent sand drown, since 20 pounds or less of magnesium per acre 
i& sufficient. 

Tests have shown that low-grade potash salts, such as kainit and double- 
manure salts, eliminate sand drown and produce much better growth than high- 
r'ldfc sulphate. It has been found, in fact, that both muriate and sjcilphate of 
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potash in relatively pure form but still containing very small percentages of 
magnesium salts, such as some of the high-grade imported potash salts, are 
less likely to cause sand drown than muriate or sulphate of exceptional purity. 

Prevention. — Sand drown can be prevented by the use of fertilizers 
in such a way as to prevent magnesium deficiency. The following are 
the most important features: (1) Very pure forms of potash fertilizers 
should not be used unless supplemented with other materials contajAiing 
magnesia. (2) In soils which predisj)ose to sand dr«)wn, some fertilizer 
containing magnesium should be used. (3) When sulphate of potash or 
sulphate of ammonia is used as fertilizer, the magnesium deficiency may 
be remedied by the use of magnesium sails or by liming. 
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NITROGEN SHORTAGE IN GENERAL 

Some plants when dcprivf'd of nitrogen are able to grow to maturity 
and produce blossoms and frui^ sulely by utilizing the nitrogen that was 
already stored in the seed, but the aerial grow^th is v^ry much restricted 
or dwarfed, in mucli the same w'ay as in water shortage, or drought injury. 
In plants dwarfed by drought, liie relative size of shoot and root system 
IS approximately normal, while m the cate of nitr(*gen deficiency the root 
is abnormally elongated. It has been stated that this elongation of thc^ 
root to many times that of the shoot is an infallible indicator of nitrogen 
shortage. It has been shown by cultures to be true for corn, and many 
cases of similar relations have been observed in plants growing in nitrogen- 
deficient soils under natural conditions. In pronounced nitrogen defi- 
ciency, the foliage may assume a light -gr^-cn to yellowish-green color and 
with chronic or continued shortage become dry and yellowish browm. 

In many cases, nitrogen shortage is expressed only by dwarfed plants 
and lessened production of the commercial product. The shortage of 
available nitrogen may cause modified llower development and conse- 
quent uiifruitfulness. Ii is one of the factors that influences*sterility 'uid 
is also a factor in the premature dropping of fruit. It is also the beMef 
that biennial or irregular bearing in fruit trees is largely a nutritional 
problem in which fi disturbed nitrogen relation is the most important 
factor, although certain varieties are more prone to the habit than othess. 
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Quality or other features of the products which do mature may suffer 
from nitrogen shortage. 

YELLOW BERRY OF WHEAT 

An undesirable condition of matured wheat grains in which normally 
hard or flinty grains are partially or entirely starchy in composition has 
been designated as ‘"yellow belly or “yellow berry.” This condition 
is familiar to farmers, grain dealers and millers in many sections of the 
country. 

History. — The appearance of wheat grama showing vi\rying dogrcca of mealiness 
has l 9 ng been reeognized, such terms as fliidy, mealy and half mealy being used, but :t 
IS only m recent years that workers have recognized the trouble under tbo name of 
yellow berry. It was briefly reported in 1904 by Holh y. In Nebraska and adjacent 
territory, the deterioration of hard winter wlieat caused by the appearance of vellow 
kernels was of sufficK'nl concern in 1902 to form the subject of a special investigation, 
the results of which were piil)liahed m 1905 (L 3 ’'on and Keyser). It has been recog- 
nized as a factor in the quality of Minnesota wheats, although no specific name was 
applied to the condition (Snyder, 1904, 1905). More detailed studies of the trouble 
were published by Roberts and hreeman on the yellow-borrj problem in Kansas hard 
winter wheats (1908) and by Ileadden (1915) on its cause and prevention in Colorado. 
Later investigations by Roberts (1919) have contributed additional data on the physi- 
ological processes resulting in j'ellow berry. The trouble has also been given consider- 
ation m varimife bulletins dealing with wheat cultur(‘ and with eheiuica), miUmg and 
baking qualities of wheat both in the hard-wheat territory of the Plains states and in 
Pacific Coast sections. 

Symptoms and Effects. — Yellow berry cannot l)0 detected by any 
abnormal condition of the growing crop but ih e\iden{ only in ttu" Ihroshed 
grain. The trouble is characterized by 

. . the .'ippi^ara nee (in liard flinty wheats) v)f grains of light-yellow color 
opaijue, soft and ^‘tarchy. Tlicse opaque triains, <^onstitiiting what are caJli‘d 
the ‘Sellov\ benies,” may this ebaraeter tliroughout; but f'OinetiiiKM 

frurn a small fraction to a lialf of a grain will be \e!l(»w and starcliy, while the 
remainder of tlie k(*rnel will ]>e liard, llinty and transluci n1 Tin diherener* m 
color between the tlintv grains and the '‘yellow beiri(*s*’ is due to deferences uj 
I lie structure and c»intents of (lie cells of tlie endosperm (]b)l>(‘its and hVeernan, 
P)0S). 

It very often hapiicri^ that the or,lv iinpf ifection in :t kcTiiel will i)p a slnrpl) 
<)^;rnusl spot ill one or Hk- other half or in ]>otli iialvcs of the kiTTK*!; again, tin 
atTection e more diifused and maj" involve one-half of the kernel or a streak along 
the back of the kernel. Owing to the fact that these spots and areas are li^ss 
translucent tlian Die surrounding fiiuty portion, rifUm Ixjing quite oparpie. the 
best manner of observing the kernels is \)y transmitted light. In-this way, it 
will be discovi^od that many kernels which liy rejected light one would consider 
fre^frorn atlectii^n are in reality quite badly atTccted. When Die berry is wholly 
affecte<l, its general color will be utTecti-d by the color of the bran or outer coating 
and will vary from dull white wdth a tinge of yellow to yellow. Such kernels 
are usually, u not always plump and, when cut transversely exhibit a white, 
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<^ta^chy jntcnor without any horny portion whatever. -Such kernels are soft 
and starchy. If such kernels as show small yollow spots be cut through trans- 
versely, yiese spots will show m the section as white, mealy or starchy circles 
(‘inbedded in a horny, traiislueeut matrix (Headden, 1915). 

The amount of yellow berry has been noted to vary for different 
seasons in t he oame locality. During 4 years, the percentage ranged from 
4 to 25 in Nebraska; none to 42 per cent was recorded for different 
varieties in ( oloiado in 1913, while as high as 80 per cent has been 
reported for Turkey in Oregon. 

•Grams aft^^cted with yellow l>eiry show three pronounced deviations 
tnun the noimal. (1) a modification of the structure and contents of £he 
)erm; i^2» eight ind specific gravdy below normal glassy grains of 
the same variety, and (3) a reduced protein content 



i'H. 'll lliaprams hHowiup; the varjinj? amounts of starchy and flinty endoeperm in 

* ^ How berry of wheat 

Tlie vacuoles are larger and more numerous in yellow-berry epdosperm 
than in noimal flinty endosperm and the starch granules are larger, 
according to Lyon and l^eyser (1905), while Roberta (1919) claims that 
the starch grains of flinty kernels are lar^. i Analyses have showm that 
yellow-berry kernels contain a higher percentage of stanch, var>nng front 
1 tfi 4 per cent The normal bf'rries have a much grea+er strength than 
yellow liernes, as indicated by cnishing tests. The difference in weight 
lb not great, and conflictmg results have been obtained: 2.596 grams for 
100 yellowy-berry kernels and 2 74 grams for 100 hard kernel^, an average 
of 0.0291 gram for yellow berry ^nd 0.0287 gram for hard (Roberts, 1919). 

The results of 30 analyses made of flinty and starchy kernels selected from 
the same sample of wheat show a difference of approximately 2 per cent of crude 
protein in favor of the fUnty berries (Headden, 1915). 
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Yellow berry is an important trouble, since its» presence lowers the 
grade or quality of wheat due to the generally accepted belief.that the 
presence of the starchy grains lowers the quality of flour that can be pro- 
duced. For this reason, wheat showing yellow berry sells at a lower price 
than the bard, flinty wheats higher in gluten. Millers in some sections 
of the country have referred to wheat affected with yellow berry as 
deteriorated w^heat, thus expressing a detrimental effect. It has been 
claimed that yellow' btTry reduces not only quality but quantity of flour 
because of greater mechanical difficulties in freeing the bran from the 
floury portions of the starchy grams. 

Etiology. — Since tlie first reports of this troubl«\ various explanations 
have been offered fc/r its occurrence. The principa! causes which have 
been suggested are: ) climatic factors operating up(*n the grain while 
in the chaff, either during the last part of the npening penc-d or after 
cutting; (2"^ hereditary tendencies operating indejx^ndent of environment ; 
(3) disturbed nutrition due to unfavorable water or soil relalions. Bolley 
thought the trouble was due to the action of air, moisture and sun upon 
the grain and that consei^oently it eould bo largely prevented by proper 
care in harvesting and (‘urmg. Lyon and Koyser (1905') attached con- 
siderable importance to >easonal variations iiftecting the tiiii''' of ripening 
and concluded that yellow berry increased in amount a? the ripeness of 
(ho grain increased and also as the length of time of the exposure^of the 
cut grain to the weaMiei was increased, but (hey also state that ‘^a soil 
rich m nitrogen and \ h(»t, dry, growing season «>tber tlm\gs being 
equal, loss likely to produce ^^ellow berries even under unfavorable 
conditions/^ 

Roberts and Freeman (1908'^ and Roberts (1919') showed tnat tiate of 
seeding affecTed the amount oi yellow berry by affeelinff (hr datf* if 
nptming, the highest {lercentage of starchy grains appc-aring in (he Intel 
maturing gram Tlay aKo suggested (1908) }hat 

lioro(iit V is a stiopf fa<'lor in <letennining tin oociin ol vciluw ni 

\vlH'at and that pure \ i i(‘tK‘' could i)rv‘haldv h( i^olaU cd uoald prcM i e 
littJi or rv» yclh u hirry 

Later (1919), Rober^*- C(»ntduded from hi^. field le.Ms that 

Tlie operation (’f tv)ininon caii^e^ for tin ]>rodnctiou ol yllow berry over- 
'l^liadow od anv ditfiercncN tnat may h:i\e been due b* !icrf‘ditan tendfitcics arid 
precludes a detinue ‘-tatenKut regarding '’e- rehdion here<iiLiry tendencies in 
hard wdnh^r wlieats towards the production of yedenv bury 

It has been claimed by souu* that excessive amounts of moisture either 
from natural precipitation or from irrigation increase the amount of 
yoMow b^Try,*but this has not been substantiated by tests. Headdon 
(1915; found no api>reeiable effect of luereasiai irrigation up to 3 acre-feet 
on either physical properties or cheiineai composition*of the wheal. It is 
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also interesting to note that yellow berry was as prevalent on wheat plots 
which had received 16 loads of well-rotted manure to the acre as on plots 
which had received no manure. In numerous tests carried out during 
several y<?ars by Headden (1915), the application of sodic nitrate to the 
soil either prevented yellow berry entirely or greatly reduced it in amount, 
while the use of a potash fertilizer produced a marked increase in the 
percentage of starchy grains. This l)ehavior may be illustrated by the 
following figures showing percentage of yellow berry in three varieties: 



Nitrogen, 
per cent 

Potassium, 1 
l>er cent 

Cheek, 
per cent 

Defiance — 3913 

0 

30 

24 

Dofiiancc — 1914 


63 

36 

Rpd Fifp— 191.T 


42 

31 

Red Fife— J914 j 

24 

98 

98 

Kubanka— 1913 


37 

31 

Kubanke- 1914 ... i 

23 1 




The use of a nitrogen fertilizer in the early stages of growth gave the 
higher yields, while applications at heading time showed more reduction 
in yelfow berry (Davidson and IvcClerc, 1923). 

From these and other results the conclusion was drawn that the 
determinative factor in the production of yellow berr> in wheat is the 
ratio between available nitrogen (nitric nitrogen'! and the available 
potassium. If this is the correct explanation, it would seem that the 
lowering of the nitrf»gen content through cropping, without using methods 
to restore the propi r nitrate balance, is the most important factor in the 
production of yellow berry. The effect of available nilrogen cm Ihe per- 
centage i f yellov’^ berry shown by the results obfaimai ir dry-fanning 
districts <>f the Pacific Northwest, In Oregon and \Vashingt(*n, early- 
pl<>vved summer fallow has given hi tie or no yellow berrv, while later- 
plowed summer fallow^ has produced wheat wath a high jx'rcentage of the 
trouble. In Ihe <*arly-plow’ed land, condititins are more favorable for 
the w’ork of the nitrifying bacteria, and cons<’c,uently the amount of 
available nitrogen is increased and the percentage of yellow berry is 
correspondingly decxeas»,'d. 

Prevention.- In the light of pr(*sent information, i? seems that the 
most reliable method of preventing yellow t)erry or reducing it in amount 
is by following a cropping system or ad(*p(ing cukural practices which 
will keep up the available supply of nitrogen. Although the application 
of sodic nitrate m amounts of -10 to 80 pounds per acre is a certain pre- 
ventive, at least under certain conditions, its uw in general wheat farming 
would pnibabl> not be justiwcd. The following practices may be 
followed with pro^t not only from the benefit to be derived from the 
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reauction in yellow berry but also from the effect on general maintenance 
of fertility and increase in >delds: (1) the rotation of crops withithe inclu- 
sion of a legume preceding wheat whenever possible, the exact rotation 
to be varied for different regions; (2) the use of summer fallow* in regions 
in which legumes cannot be successfully grown, giving spf'cial attention 
to early plowing and sirfficient cultivation to provide the conditions 
favorable for the activities of ihe nitrifying organisms of the soil. 
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POTASH HUNGER 

General Effects.- Some plants re«piire u larger amount of available 
potash than others in ordei that they may function normally. This is 
notably*true of those or(>ps which are manufacturing and 'Storing large 
quantities" of carbohydrate re.serves. The large (piantitics of potash 
fertilizers used in certain sections are evidence of ihe beneficial effects of 
^increased pritash. The general effects of shortage of potash may Ix^ 
noted: (1) a reduced photosynthetic activity and consequently a retarded 
©r dwarfed growth of storage organs, such as fleshy roots or tubers, or in 
cereal crops the development of vegetative structures at the expense of 
the grains;^ (2) in woody plants a suppressed or weak development of 
terminal shoots which may end in a ‘‘dieback,’' as has been shown for 
both wild species and cultivated fruits; (3) the appearance of yellowish, 
brownish or whitish spots in leaves at first near the margin and later more 
general if the shortage continues and is pronounced; (4) the later blighting 
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of the foliage and premature death if the shortage is not relieved* It has 
been shown that the amount of stored carbohydrates, such as sugars and 
starches, is in direct proportion to the amount of available potash. This 
will explain the weak shout development of woody plants suffering from 
potash hunger^ since the cellulose which must be formed in the construc- 
tion of new organs is also a carbohydrate. While dieback may be the end 
result of a potash shortage, it should be remembered that various other 
factors may bring about a similar result. The effect of potash shortage 
can be demonstrated by growing seedlings in a potash-vfree substratum. 
After the reserve carUdiydrate has been used up, no more can be con- 
stnicted and growth ceases; but with the addition of a potassium salt, 
carbohydrate manufacture is resumed and growth continues. It majr 
bo noted that in nitrogen or phosphorus shortage the j)lant generally 
completes its vegetative period with the production of all organs, vegeta- 
tive and re protl active, althougli it remains dwarfed, w'hile in potash 
shortage the plant roaches nearer a normal size, but blossom and fruit 
production are cither decreased or inhibited and a premature death is 
the likely end result. 

It has also been shown that the addition of potash fenilizers to soils 
increases their whaler-holding capacity beyond that of the same soil with- 
out the addition of ix)lash. This being true, a soil short in potash might 
increase the chances of drought injury. It has been reported that root 
crops which are suffering from sh<»rtage of potash are less resistant to 
decay during rainy periods and that they wilt more readily during hot 
weather. On t his basis, one t>f the values of a potash fertilizer may be the 
increased resistance t(» parasitic mrnads. 

It lias been showai k e/ a/., ^1)30) tha» potassium is either 

directly or indirectl} <S'-enlial fur initiating ni(rat(‘ reduction in the 
plant, a fact wiiicli is the explandiun f< * the freiiuent accumulation of 
carbohydrates in cases of potash vlefn lei cy. In toinaio plants, potash 
deficiency causes mlubition i f eambmin activdy, limits the de\elopment 
of C('rk eauibium, and cause.- pn matnie iliaith if fruit is present, due to 
the killing of tlie growing ^xants 1 \ withdrawal of potash into the fruit 

Potash Hunger of Potatoes. In -ome impoitMit potato Bt'ctions, it 
lias been a regular practice t(* iisr a potasl- fertilizer .Vbout 1916, as a 
result of I he cutting oif of the ( ha man .supply of potash, a large amount of 
no-polasli fcitilizer was u^od in Mtone, C'omieclicut and other eastern 
potato sections (SclireiiK'r, 1917, tdinioii, 1019, Mor^e, 1920). At that 
tune, a ‘^new Uisoa.se'’ made its appearance wiiuii was at first attrib- 
uted to a fungous invasion but was late;* shown lo bi* due to tjie omission 
of the potash from tlu* fertiliser d'he symptoms and effects of this 
trouble were: ( 1 ) a oliauge of color of the plants during July from a norinal 
healthy green to a Qcculiar bronze or yellow^; (2) the willing and drooping 
of the leaflets while the stems stood erect; (3) the drooping and wilting 
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of plants normally green, the stem not having sufficient strength to 
stand erect; (4) the appearance of discolored areas on various Jjarts of 
the stems; (5) the formation of a dry, discolored, spongy area involving 
the stem at about the surface of the ground; and (6) the premature death 
which always followed these symptoms. This trouble seemed to be most 
in evidence on the poorer soils or on those which had been heavily cropped 
with insufficient attention to the use of fertilizers during the preceding 
years, while in regions in which potash fertilizers had been very generally 
used for other crops, such as tobacco, the disease was less in evidence. 
It was also pointe<l out that the lack of moi&tuie had an important b(*aring 
on this trouble, apparenily a#:gravating its severity. This is in keeping 
with the general principle that potash shortage increases the severity of 
drought injury. It was the experience that even small amounts of potash 
in the fertilizer ot the application of relatively small amounts of stable 
manure in addition to the regular fertilizer devoid of potash were suffi- 
cient to prevent this '^new disease.’^ 

Potash Hunger of Tobacco. The attempts to grow tobacco in 
certain soils without the use of a potash fertilizer have also given rise to 
marked symptoms of potash starvation. I'he^ plants are more or less 
stunted, the leaves puckered or with an uneven surface due (o differ- 
ence in the rate of growth of the veins and the intercostal areas. ^The 
peripheral growth is retarded, and, as a consequence, the margins of the 
leaves and especially the tips curve dcovnward, giving the rondiUon which 
the farmer calls ‘^riin bound. The affected knaves are alsf; discolored, a 
chlorosis beginning at the tips and maicins of the leaves and advancing 
inward and downward; the low^er leaves show this discoloration first. 

Chlcirnsis duf^ to potash hunger is pioinptly followed by the api)earance of 
small dead spoLs iu the affeeted ]»(»rtions of tht' loaf As the mahidy progresses, 
large areas of the leaf die, esyu'cially along the margins, which freiyucntly become 
ragged and torn (.see Sand Drown Garner ft u ! , lb2d) 

This phase of potash hunger is popularly called “rim-fire.^* In 
potash hunger the chlorotic portions of the leaves have a dull-yellow color 
with a bronze or Clipper overcast much the same as in the potato that is 
deprived of potash, while in severe ca.ses {’he gn^n portions of the leaf are 
a darker shade of grei*n than nf>rrnal. This trouble is not to be confused 
with frenchuig, in which the chlorotic foliage is tleformed, the leaves 
characteristically narrowed, 'mckened and increased in numbers, so that 
such names as shoo string, stiap leaves, sword leaves or rosette have been 
suggested (Johnson, 192D. For the distinctions between potash hunger 
and other chlorotic disease^, see the consideration of sand drown (p. 59). 
If the potash hunger of tobacco is noted in its early stage, relief may be 
obtained by the application of a readily available potash^salt Ix^tween the 
tows of the crop. 
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CHAPTER IV 


DISEASES DUE TO EXCESSES OF SOLUBLE SALTS IN 

THE SOIL 

In the previous chapter, it was pointed out tliat our crop plants 
require ten different chemical elements in order that they may make a 
normal or thrifty development. Seven of these elements are furnished 
from soil compounds, and mingled with these essential food materials ate 
various non-essential materials. 

Natural and Acquired Excesses. --Either food material furnishing 
essential elements or compounds consisting of unessential elements or 
even containing toxic elements may be presrmt in excessive quantities in 
the soil. It may bo as.suined that for each oiop tluTe is an optimum con- 
centration of each kind of available food matiuial at which the best 
growth is maintained and thal lieyond this optimum, eoiuhtions iK'come 
less and less favorable until, with a given concentration, disturbances 
result which may exjiressed in the appearance of symjitoins of disease, 
which with maximiirn c(*nc('nt rat ions may lead to d(*aih. If ’wc oori^ider 
the origin of our soils, it must be at once apparent that many natue or 
residual siuls in then virgin static may contain oxc* ^xliicti nn\ inhibit 
or retard growth or (‘ven, in ^pot^, entirely exchuk all bums of plant life 
In addition to the natural excesses, the composition of land uiidei cultixa'- 
turn may be* modified l)> oui agricultural piaclites, such is irrigation, 
cultivation or the um’ of b'rtilners, so that natuial e\cc^ses may be 
increased or new excesses intnHlueed 

General Effects of Soil Excesses or Overnutrition. Surphise.s of 
available food materials are \eiy frequentl> aceonq>arned b} an abun- 
dance ('f soil moisture, and tlu' type of growth may be iidliHuired by both 
the nutrients and the wati-r supply Oitain tvpi^s of growth .are, 
however, d?rectly traceable to (;vernounshmeTit, the first (‘tfe(d of which 
IS to he seen in an increased vt^getutive develojiinent, ‘i deej)er green than 
normal, nu*rc succulent tissue?, ami a retaidatuu' or suppression of repro- 
ductive functions. Such over stimulated plants are frequently more 
sensitive to unfax ohibh climatic factors and fall an easier prey to some 
parasitic mvafle^^. (ieneral overmitntion leading to an excessive accu- 
mulation of phi^uc substance.s in the plant in propoilion U) their utiliza- 
tion may leavj to pionounce^! morphological changes. Among these* 
changes may b(' nauilioned or the transformation (rf floral organs 

into leaf-like structures; pffalodi/j or the transformation of calyx bracts 
into petals; pistillody, or the change of stamens into carpels; abnormal 
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proliferation , as illusi^iled by ‘^rose kings/’ sprouted pears, doubling of 
composite blossoms and secondary heads of composits; /a,sn‘tt/fon, or the 
flattening or banding of cylindrical organs; and spiralism (see Symptoms 
of Disease, p. 51). It should be pointed out that this excessive accuinula- 
tion of plastic food materials is not always the result of overnourishment 
but that other factors ina\ influence the utilization of plastic materials 
and lead to similar ix'sponscs. 

Special Surpluses. — The occurrence of specified surpluses in which 
some particular food element or cou^pound or toxic elements or coin- 
pemnds lead to injuries may be noted d'he essential chemical elements 
most likely to occur in excess are nitrogen and calcium and less frequently 
aluminum, magnesium, potassium and ph(^^f»hC/Vur Twe surpluses* of 
special inijxirtancc are alkali, oi the excessive accumulation of soluble 
salts o^ee Alkali Injury, p. h9) charact eristic of aiid orseiniarid regions; and 
wil acUHiif, a rather ind(‘finite soil eondilion, common in humid regions, 
that is generally correctr'd by the addition of lime. Renewed emphasis 
has recently been given to the fact that ‘‘infertility in soils may as well be 
due to tlie iin'sencp of organic substances of bioh)gical origin inimical to 
proper plant development as to the absence of beneficial elements” 
(Schreiner, 1923). These toxic compounvh arc not to be looked upon as 
excretions from normal ro(^ts but ap})ear t(» be produced under abnormal 
soil conditions or are J(U’med from the decomposition ot crop residues 
under the iiifluenee of soil organisms. Kon-esstailial elements may bo 
eithei inert (u* toxic; in the former case they produce injurious results by 
chemical interietion, in the latter, direct effects ui;on the living substance. 
Spi‘cial iiK'ntJon m:l^ be made of tlie injuries roulting from cropping 
certain seih higl* in lime manganese isee Lime and Manganese 
(.1il<*io-M-^, p. 7rL {‘XfK'iieiiee'o have empha'^ized the extreme 

^oxiMty of tlie element boron to (»ui cultivatc^l plants (see Borax Injury) 
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EXCESSES OF NITROGEN 

Nitjogeii is probably the mt'^l acliye of the essential food elemetPs 
in contributing to general overnoiiTishiiiciit of plants. Under natural 
conditions, it is rarely present in Mitlna ‘iil ijuaiitity to cause injury to our 
crop ])iants, but the ainount may be iiieuaM'd to thc^ danger point by 
certain farm-cropping practices v»r by the addition of excessive quantities* 
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of nitrogen-containing fertilisers. The injurious effects of too much 
nitrogen are well summarized by Lyon and Buckman (1922): 

1. It may delay maturity by encouraging vegetative growth. This often 
endangers the croj) to frost or may causf* trees to winter badly. 

2. It may weaken the straw and cause lodging in grain. This is due to an 
extreme lengthening of the internodes, and as tlie liead fills, the stem is no longer 
able to supjwrt the incri^ased weight. 

3. It may lower quality. This is especially noticealde in certain grains and 
fmits, as barley and peaches. The {rhippmg qualities of fruits and vegetables 
<ire also impaired 

1. If mag deerea^r resistance to dwnse. This is probably due to a change hi 
the fihysioiogical resistance within the plant and also to a thinning of the cell 
wall, allowing a more read} infection from wiliiout 

It should be pointed out that (he lodging of grain is not tlie direct 
result of high nitrogen content of the soil but rather of the sJiading of 



Fk. Nitnr Imriuii^; o1 ipplc K J)inv n ajttr [f cafiiJtTi Colo Hul 156) 

plants brought abv»u( tiy denser growth, tlie lack of lighi being the more 
important factor in mducing a weak mechanical structure An amount 
oi nitrogen that may gi\e yioor re-^i It^ with a cereal crop may give the 
highest yields and be'^t (ludity foi certain other crops like many of our 
garden vegctaliles. 

The desire of gardeiuTs or florists in obtain maximum growth often 
leads to the e'vei"^‘'ive use of nitrogenous feiiilizers, cither compost or 
comTiiercial products. In case of high concentrations, t ho symptoms may 
resemble those of alkali injury, vi, , retardation of growth, chlorosis 
of fertiage, folio v5ed by burning or brov ning and a lirown, rusty or corroded 
condition of the root system. The albove symptoms appeared in a cul- 
ture of sweet peav'* in which the amount of available nitrogen was ten 
Mmps that of a rich soil of the same type. Excessive use of nitrogen 
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fertilizers may lead to gummosis and dieback in citrus or stone fruits, or 
under certain soil conditions the selection of an unsuitable nitrogen ferti- 
lizer may be responsible for the injury, rather than the excessive quantity 
applied It IS stated by Floyd (1917) that 

Perhaps most of the cases of dieback which have been classed as acute can 
be attributed to the effect of aniinonia fertilizers added to the •^oil Of the differ- 
ent organic sources of ammonia cottonseed meal and tankage are considered 
in practice to be more active m bringing on the disease 

Bnef mention may be made of the so-cilled ^ niter poisomng^^ of 
apples m Colorado, which is attributed to a surplus ol soluble nitrates in 
clean, cultivated orchards (Headden, 1910 I^each, 1921) due to pro- 
nounced activity of the nitrifying bac^eni In this case, the margins of 
the leaves farst showed a browning or burning 



Fig 31 — AniOrepot {After Headden Colo lid 155) 
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LIME OR MANGANESE CHLOROSIS 

The failure of plants under noriml light condition® 'to produce^the 
chai icteiistic grten pigment or chloro]ihyll, thus causing >ellowmg or 
cldoiosm, IS a symptom of a deranged nutiition The i iilurc to develop 
chlorophyll m absence of light is called diolation (sc^e C^hap IX) 
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The Causes of Chlorosis. — Many different factors may be responsible 
for chlorosib, which may be an accompanyinfj symptom of either parasitic 
or non-parasitic troubles. The following more important causes are: 

L Parasitic invasions, either plant or insect 

2. Derangemeni of nutrition due to lack of essential mineral nutrients, 
because of either their absence or their non-availability, such as lack of 
nitrogen, magnesium or iron. 

3. Derangement caused by excesses of water or by surpluses of mineral 
constituents of the soil. The most important chlorotic conditions 
develop in strongly calcareous or manganese-containing soils or in the 
alkali soils (see alkali injury) of semiarid country. 

4. Low" temperatures (see (^hap. VIII). 

Types of Lime or Manganese Chlorosis. -It has long been known that 
certain plants, when grown on calcareous soils, develop n sickly chlorotic 
foliage. Some plants are much more* seiij^itive to the presence ot excessive 
quantities of calcium carbonate (lime) than others, and the injurious 
effects of the excessive qiinntities of lime are mor(‘ pronounced in some 
soils than in others. Chloiosi.'> of cullivated plants or of native vegeta- 
tion IS not uncommon in the cretaceous soil^ of the southern Mississij>pi 
Valley. Special attention has been given to lime chlorosis of sj^ecific 
crops in certain regions. Clrapes, e.^pecially American varieties, haJv"e 
suffered from chlorosis in the vllle>ard^ of Fiance (Saitorius, 1929/. 
The leaves and shoots an a yellowL^h green insiead of normal greim, the 
leaves remain smaller than normal, the wood does not matuie jiroporly 
and the entire nutrition suffer^ Analyses of soiut soils in wlindi graja^ 
showed the above symptoms gave IS 9d per eiait of lime, Avhile soil pro- 
ducing normal vines contained onh 1 SI per cent ((haebner, 1921) 

The effect of calcareoas m>iF on the cultun of juiK'apjiles has been 
studied especially in Porto liico ((lile, 101 D The plants at differeiu 
stages or under different conditions showed (Mnin« ehloKjsi^ or 01113 
moderate effects. Someuinev the3 wen almo^-i \o!\ whdi, in otlu'i 
cases yellowish white wath stre.dvs of nd amt tneiu.. whiU' iv (‘thers tlu 
new hearts might l>e ciejm\ wfnto and tlf outei l{‘aves a light green 
Plants showing the extren.e I vpe of chjoro'.l'^ dt eelojM’d biowui lemons and 
finally decayed. It was hnind that oidmaiy ^and\ svxN containing as 
littlj as 2 per cent of calcium caibonati w( re unsiiitablo for pineap]iles 
but that *'soils contposed piuicqaillv of organic mattei may contain 
about 40 per cent of calcium cai bonate and slili piodoco \ i^orou*- plants.’* 
A similar chlorosis of sugar cane has also twn mned in Porto Rico 
(Gile and Carrero, 1918). 

Pineapples have also l>een seriously affiaaed on the blae). iiiaiiganfjse 
soils ot the Hawaiian Islands The principal symptoms .are a retarded 
growth, yellowing of the leaves and stunted red or pin^ fruits, which 
often crack open and decay. These manganese soils are also toxic to 
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other cultivated crops, j^uch as corn, pigeon pea, etc., while the guava 
and various weeds are uninjured. The chlorotic plants are always low 
in iron, while the unaffected plants contain a normal amount of iron 
in their ash (Johnson, 1916, 1924). 

While the above eases of elilorosis have occurred on soils normally 
high in lime or manganese, injury to citrus trees has been reported by 
the application of ground limestone (BJoyd, 1917) as a corrective for soil 
acidity. 

Tho injury to the citrus trees is eharaeterizefl by a frencliing of the foliage, a 
partial Jefoliaiion, tlie y^n^soiico of multiple buds on the <lefoliat<nl terminal 
branches, a bushy somewhat rr>sette-lik<‘ growth of the terminal r)iaiiclie^ and 
a dying back of (lie liraiiches. 

t)n the siirne soils, the seedlings of cover crops showed mottling of 
their foliugo, a i)oor growth and early death. 'Flie affected grov(‘s were 
all oji dry, sandy lands, lacking m liurnus The usual application of lime 
was 1 to 2 tons per acre, wb.ilo sometimes a larger amount was used or a 
numl^er of Miccessive applications wore made. 

The chlorosis of condVroiiti seedlings has been a serious problem in a 
number of iiui.senes, esjKnu'ally tho^te operated hy the Forest Service at 
Mifi'lon, Neb., and PfK'atello, Idaho. The \ellowing affects the yo'’'ig 
leaves fir^d, but all the fobagi' may become cJilorotic. 

Ill v*riou^ cti-^cs, tlu‘ ieavch are .di(»rt, inclined to curl and arc loss turgid than 
normal leaver (a'^ a con-ecjuence of lack of sugars and, therefore, low osmotic 
pH'ssiire't ' The torruinal bud either fails to do'^'elop or is dwarfed and usually 
al)iiormall\ light in color Thi‘ height and diameter of the stem, the length of 
the roots and especially tlie abibtj to f<>rm fibrous latcTal roots also appear to 
MifffT in typical cases of chlorosis. Tlie dis(*aae may occur m yiatches, or isolated 
yellow plant*- may occur. In severe cases death ensues, tlie parts first discolored 
being the first to die (Korstian O aL, 1021). 

It was also noted that the diseased seedlings, altliough growing less 
vigorously than mwmal, continued growth later in the season and were, 
tlierofore, more susceptible to winter injury. 

Various other fruit or nut plants are sensitive to lime and frequently 
develop chlorosis under commercial cultivation (Bennett, 1931). Some 
of these are: 

Pear, apj)l<', quince, peach, nprieol, })rune, plum, eluTr\, walnut, orange and 
lemon. Hasi>herne8 .also sulTer severely. Among ornameiitHl plant^^, euealyplus. 
aeaeia and many other trees and shrubs are known to show ehloroaia in high lime 
soils. Pear trees grafted on .Tapanefte or quince n)ot st-ooks develop chlorosis on 
high lime soils much more quickly and severely than do those oif French stocks. 
Stoim fruits on myrohalan stocks generally show little or no chlorosw, while peaclj and 
apricots on peach stocks may suffer stwerely . 

A type of eJ;ilorosiH etiologically different from thone previously 
recorded has been studied in Khode Island, 
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A chlorotic condition has been notfd frequently \Mth \ariou8 crops part cu- 
larly oatb, spinach, corn, boet«? and beans or soils limed to the neutral point 
repeated attempts to rolale the condition found at Ihih station to an iron defi- 
ciency or^to correct it ny supplyin^r iron in \arioiis ways have completely failed 
(fTilbert (/ ai , 192b) 

Etiology.-- Lime -induced chlorosis appears to be caused in two diffei- 
ent ways In perhaps the gieai n.ajoiity of cases, calcareoub oi manga- 
niferous soils cause chlorosis by iron slaivatiou These mhIs are not 
deficient in iron, but in lime chlorosis the excess of lime changes the iron 
compounds into insoluble, colloidal inm which eanm t be utilized by the 
plant or in the niangaiiiferom soils to a much more difhcultlv available 
feme iron This explanation seemt plausible for all those cases in which 
the normal green color may be F^stored by spraying the chlorohe plants 
with iron sulphate 1 roin studies or pineipple chlorosis on mang.'Dif- 
erous soils, it was conclude d (McGeorge, 192^ Iha^ the injury is the result 
of a greater assimilation of lin e due tc> eve ^ of minginese and to the 
greater immobility of the iroe m the plant (hie to the excessive lime con- 
tent of leaves and si(un'» In « th^r ca-es m whuh iron is not shown to be 
a corrective, analyses have shc^ vn the chl(»rolK pots to cr)nUin as much 
iron as normal green pl-irit^ and s(unetnnes more ((ulbeit 192(>, 1928) 
The conclusion is drawn in such ca^es that chlorosis is not due todron 
becoming locked up in the soil but i ilher to i di'-tuToed oi inhibited non 
metabolism Treating with small quantities) of manganese sails ipj eared 
to unlock the metabolic oroccsse s and resb »*e the affected plaius to tlieo 
healthy gieen color 

Prevention or Control.— In cases of ebloTusis of the fir^-t type, the 
trouble may be reheved hv Gi niechinical apolication of iron on or in 
the plant or (2) soil treatment to ^endci th( non -ivailahle thiough tie 
rcHit system Two methods introducing non into the itrial parts ot 
plants are avaiUble M) }>> spriving liie chh n ti^ jjlai ts with l sohdion 
of an iron salt and vw bv njee mim in iron s)ll u to the v ood in trees or 
other woody plants \ aiious mm s mch is iron ailphate thi<»ridf or 
nitrate, fet^rous ur feiric cit^'tlc o» In I rile oi non tninnoniurn < diitc ma> 
Ihj used, but the first ismo’-l gciai il / Mopl )ved 1 < i ^prayinj. s< lotions 
of iron sulphate vaiymg fiom 1 i(» " pti ( i l Invc been n ec»minonde(l 
Spraying with 1 j>er cent f< roa svdpl tc }i i‘^ b(c n adc pled is i [art of 
tfte rcgulir nursery pract le m sivcial of liu fou ^l-sc iv ice rur^eius 
(Korstiaii ti d y 1921) hpiaving for thi contiol i < hloiosis of pine 
apples on the manganiferous '«• *1® of Hiiwin ^ns pio\<d c<nnn ercielly 
feasible, aVniut Ul pounds per icic it iidfiv ds of 2 t( t months being 
effective (Joffnson, 191hi Spi i>mg foi fnnl Mce chlorosis has not 
prof ed to bo coffuneu lull} ‘■ue(os''ful ilhnnett, 19dl } 1 or injecting iron 

into the wood, two meth^d^ ire onifiloyc d (1) fillnu one to sever il boied 
holes in the wood with dry iron powder, after wbieh the holes are sealed 
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With wax (Wann, 1930, Bennett, 1931), and (2) the injection of a solution 
of the desired salt from a reservoir attached by a rubber cube to a thieaded 
pipe inserted into the bor*^ hole, which should extend two-thirda to three- 
foiuths’the diameter of the iiunk and slightly downward One hole is 
sufficient for tiet'* jp 1o C inches in diamet^T, with two or more for larger 
trees One ounce pei gahor ma^ be used, with dosage varying according 
to size of tree oi dormam^ \(couhng to Bennett (1931), ferrous and 
^emc citrate have given the Ix^t leMJts 

Tinder some conditions, the ii m salt may be idded to the'soil Best 
results with this pr *tiee may lx oxp^cttd if the soil ma too 8trungl> 
alk time The iron salt niav be idd^ d In the f inch method or by drop- 
ping it into I oh « bored into the soil I or det tiK snd dosigt, reference 
should be mat^e t(» the work of Bennett (19Vi In strongly alkaline 
soil^ the iroT pn vi nted from going into solution, hence it would seem 
de^ii ibk to impio\e Ihe soil fonditions bv moddving tic v d itaction to 
l^coiic acid H at K^st dlkahie The use hr ippiti v ions of 
barnvard manuie oi »^opuix ici<xl tfrt li/crs such ts ''mmonium sulphate 
OJ sulphur iniy be expected t ik btneficiai 

Rt’^fei ences 

Gul’ P L Rt lation of cttlcarfoiis il tt ran ipr M irom Porto fit^o igr E w 
SM Bui n i 45 1911 


losvM N M O Ihe sprflMng o* ^cllo\v onuipph pin ls < i\ n*augau*st soil with 
r sulpliLtc ohitun^ flai a \ t J (j Stu Bn 51 1 11 1916 
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\LLACL, T Invostigationb on chlorosib of fruit tiee*» il The control of hmt- 
indu cd hlorosis Jour pov>. Hotl 7. J5l 200 1029 

\V \NN, > H Odorosis \t11o\Mng ol ulants Cau^e ind (onlrol Utah Af/r 
Rip Sit Cn< 86* 1-11 1030 

BbNNFn, J P Iht tieatinent ot lirue-inducf d dilorosis with iron siUs Cal Agr 
Eip Sta Cir( 321 I 12 lOdl 

SOIL-ACIDITY MALNUTRITION 

The soil reaction n recoa;ni/ied ts iLuing an important influence upon 
(he nutrition of plant-^ Pvvo opposite reactions must ho consuieied 
alkali or soil alkalinity ami sod aodity Alkali injs- ry is connnecl hugely 
to and 01 seiniand jegioji>, whcie cvmdilions favca the coneentr ition of 
scduble salN, while soil icidit} is xNuninoii m iinl> m ieg;ioiis of ibimdaiil 
liinfall Aciditv as applifd to the soil milu*a(ts i condition that can 
geiieially be correct ed by (he addition ot jimc Soils ^na^ ])e and, 
neutral or alixaline in (he rt iclion, md it j*- \\(I1 ktiovmi (hat (he acidit> 
of the soil has a niaiked (effect upon the charactcu and distiibution of 
native vegetation ('Whern, 1920) i- well is i lusing nialnutiition in some 
cultivated Dl.uiih which ue "'Uhjc (1< d io i oil n aclion to which i he> ire 
unMiited Of our cultivated plants, some requuf in acid soil for (heir 
host development , otlu/s aic simply aeid toleiant, being iblt (c^ n^ake a 
very good growth in icid sod^i while others in* unable to uljust them- 
selves to acid conditions and if planted m such an environment either 
make a sickly growth or succumb 

The Origin of Acidity of Soils. — Tie acidity of \ sod ni iv be brought 
about in a number of different ways fl) by the addition of rnanuie or 
seweiiigo, the vleposit of combubtion products or the absoi jition of smoke 
gases (see Chap A, Smelter Injury), (2) by the continued use of acid 
mineral fertilizers like acid phosphates ir of others siicli as sulphur or 
sulphui ’-alls that are oxkIizimI to foiin acid, (3) by the intiraction of the 
natural lesiduil components of the ->od, (t) by the formation of c^rgamc 
or humic acids by the decomposition of pLint remains, and (f)) b> the 
lenioval o/ hme oi othei neutralizing bases by plant giowth oi by li‘ach- 
ing from heavy laint.ill It his Ix'en pointed out that there are soils 
which although giving an icid reaction contain neither tree acid noi 
humic colloids This has been explainerl by a classification of the types 
oT acidity hSchuckenberg, 1924) 

Kinds of Soil Acidity. —The foui following types of acidity have been 
recognized (1) active acidity, (2) selective absorption by hiiniic com- 
I^ounds, (3) exchange acidity; and (4) hydrolytic acidity Active aciditv 
IS character!^ 1 C of uncultivated moor soils but is rare in mineral soils 
anAib due mostly to H 2 S ()4 The second is characteristic only of humus 
soils and shows the formation of free acid by treatment with a neutral 
salt solution. Exchange acidit} is common on all soils poor in lime, and 
an ^extract with a neutral salt solution shows an aciji reaction dw to the 
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exrhanf 2 :o of the trivalent ions of aluminum or iron for*the cation of the 
neutral salt. A water extract, however, shows no acid on titration. 
Hydrolytic acidity may occur in any soils showinp; one of the other types 
of acidity or ah^ne in certain soils poor in lime and rich in humus. In this 
tyi>e, the soil has the caj>a<MTy to absorb a part of the bases as a result of 
hydrolysis of vsalts and thereby >ci free an equivalent quantity of acid. 
Hydrolyzable salts are those with a stronji base and a weak acid radical 
and show di'-’sociation in aqueous s(>lutions. 

Injurious Effects of Soil Acidity. - While the exact response of acid- 
sensitive plants will vary with the species and with the kind of soil 
acadity, I he p^cmeral (effects are quite similar 'J'lie first eff(‘et \\ilh nioder- 
al(‘ a(‘idity will lx* retunh^l gnnrih and a pnllor or less intense p,re(ui tlmn 
norn al, which if {lie unfavoralile conditions c(Uitinu(‘ may Ix^coine more 
]>ronoun<‘ed F(>lia^e may become showini; h^rhter-a:reen areas 

belwriui the veins, or ih(‘ rhh)}('^is may lieeome diffuse or p^emual. Such 
affected jilaiits may vv(ak(‘n and die prematurely, or f*:ro\N h may be 
r(‘sum('d if rains modify the acidity later in the season. Roots of affoeleKl 
plants make a poor development, and many of the lateral feeders may b#' 
rep(‘ated]y killed back. It is a su;iufieant fact that certain <n\\ (UTanisms 
an distinctly favored by acid conditions- c the pathoj^em- of club 
root of cabbage. 

Etiology. The iiijuriou*^ effects of acid soils may he ac»‘f ir>t( ti tor in 
nunib(‘r (»f different ways: (1) by unfavorable H-ion coneentrations; (2/ 
by the din ct effects of toxic elements, such ris aluminiiin or magnesium, 
whicli apjicar to .occur in the active form when the soil reaction or H-ion 
eoncimt latiori is beyond neutrality; or (3) by the non-availabilily of 
certain (essential mitrientr> ort^ irnaluetion in amount, or the elimination 
or sup]>ression <*( Hi(‘ supporting or auxiliary adiim of nutrients, so that 
fioimal aleorplion does not take pla<'f 1* has Ix’cn shown tliat both 
tield and truck cro])s may be greatly injured bv growing under soil condi- 
tions which have produced high acidity. In some cases, tlie unfavorable 
eomhtion has bexui produced by the yearly use of fertilizers ^^hieh have 
gradually increasial tlu^ soil aeiditx until it has Ix'come a limit uig factor 
Hi the growth of truck crops in the same solk‘^ (liarter, 1900). Recently^ 
injury to cotton has lieon reported (Taebenhaus and h]2ekiel, 1931) as a 
result of extreme sod luidity following e: ^vssive application.^ of sulphur^ 
Acidity injury to cereal crops under field conditions }ia.«*lK'en reported by 
budwigs (1923), und wheat, oats, barley and rye have been tested in 
cultures (Schuckenberg, 1924). 

It is known that the H ion is very ^oxic to the meristematic tissue of 
root tips. Recent researches have left little doubt that^ much of tho 
Hijury from acid soils may be due to aluminum which is brought into 
f^iduble form (see Aluminum 'roxicily). Excess iron salts or magnesium 
may b<^ idaying a part also. 'Hie sliorlage of calcium in an acid soil ma>' 



82 


MANUAL OF PLAHT DISEASES 


operate in two ways: (1) by depriving the plant of the required amount 
of this necessary element or (2) by preventing the absorption and utiliza- 
tion of other necessary elements such as potassium. Acid soils are alsf) 
frequently sHort on nitrogen or even phosphorus. The retarding effect 
of soil acidity upon the processes of nitrification should also be taken into 
consideration. It must be evident that soil acidity is a rather complex 
phenomenon and that the injuries which result are not due to any single 
factor. 

Control. — The acidity of a soil may be corrected by the addition of 
compounds which will furnish the necessar>" bases to combine with the 
acids. Calcium is generally selected because it is cheap and effective. 
Potassium is too expensive, and magnesium may sometimes be harmful. 
Agricultural lime in quantities greater than 1 ton per acre is seldom 
economical but up to 2 tons may be used. It is perhaps best to use the 
minimum amount required for a given soil condition and employ other 
practices to build up and maintain general fer^ality. 
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BORON INJURY 

iQlrestigatioQS during the last few years have established the fact 
that boron in very small quantities is indispensalAe to the. growth of 
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some plants (Brenchley and Warington, 1927) but that this element is 
extremely toxic if its concentration is but slightly increased. 

Historfcal Statement. — This ('loinent when present in small quantities has been 
reported to exert a s( iinulating effect on plant growth, acting as a catalyzer rather than 
fts a plastic ash constituent (Agulhori, but certain injurious effects were noted 

when larger quantities were availiibie for absorption (Cook, 1910; Cook and Wilson, 
1917, 1918). This more recent impetus to the study of the effect of boron on plant 
giovvth was due to the tests of borix (sodium salt of tetraboric acid) and calcined cole- 
manite ((*alcmm salt of boric acid) as lar\aeKles for the kilting of house flies in horse 
inauurc. Th(' studies were matle to determine ^he effect of such treated manure on 
plant growth, and it was shown to cause injury if used in large amounts. 

B(‘r()n i.s wid(‘ly distributed in soils but not generally in sufficient amount to cause 
inJll^v^ It has beim shown that borax may be introduced with impure commercial 
fcM’tihz- rs in sufficient amount to cjui.se senouj erop injury. The first report of this 
injurious effect of borax m fertilizers was by Conner (lOlSb who reported 8crioi.s 
lnJur^ to corn f>y a fertilizer which contained 1 92 per cent of this salt It was soon 
found that the source of the trouble was the potash saltsS from n single Amencan 
Joc.ililv, Searles Lfike, California, which had been put upon the market when the war 
e'cludMl the standjird (TCimjui salts The injury from this Searles Lake potash 
wJk n used on various potash-dchcicnt soils in a nuiuber of states led to investigations 
b^ ollic! stat(‘ ami hcdcral vsorkcis (Morse, 1920; Plummer and Wolf, 1920; Schreiner 
(i at , L920). Sp('cial attfaition was given to tlie effect on potatoes, tobacco, cotton 
and c(wn under held conditions and in gr<»‘iihousc cultures. Later studies were 
cfmccnuHl w'ltli the aliove crops and also with beans tNh’llcr and Morse, 1921; Skinner 
€t al , 1928). 

More recently, Keffe> and Provvn (1928) and Schofield and Wilcox (1931) have 
shown ttcit boron occurs in certjun soils and irrigation waters of southern California 
m sufficient amount's to caus«‘ u injurv to trees, while Haa^ (1020) working under 
contioilcMl coiiilitions luis pH»<tuced mptonis in the leaves cd citrus similar to those 
found in '‘crt.im C.alifoima oieh.irch 

Symptoms and Effects.- Tlie bohavior of pluiits .subjected to the 
actioii of boron vnries wiOi the coiicentr: n of this salt and with the soil 
and moisture conditions The principal effects are as follows: (1) 
retardation oi ])revcn1ion of ;rerininatioir, f2) death of plants or stunting 
so as to give imiierfect and uneven stands, with much variation in the 
size of plants of the same age, both lops and n)ots being affetted; (3) 
absence of mirinal color marked by the bleaching or yellowing of nor- 
mally green parts, esjK'cially the margin end tips of leaves, follow^ed by tip 
burn in the more severe types of injury; (1; reduced growth and prema-^ 
lure ripening, with lessened yields. The injury may vary from slight 
disturbances which are largely outgrown to complete failure of a crop 
when large aincaints uf borax are applied 

Ofi PolaUtes- -The first evidence ot injury in the field Js "'missing 
hills'^ and stunted plants, with but few that approach the normal in si^ 
and color. The foliage characters of affected plants were as follows; 

There was considerable yellowing of the leaves, more particularly of the 
margins. This was the most iiromiiient on the more dwarfed and more severely 
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injured plants The 3"elIowinp: v\a^ of a bright pjoldon color and not the pal(‘, 
sickl}" y(‘JIowing ii^uh 1I\^ pre^cMit m pimt" tint an norTnMl]\ oi j)reinat 
ripening (iMt)n>e, l‘UO> 

In milder eases, the yellov\ is contined to ilu veiy iiarrovN hiinh al 
the leaf maigins, and this may lie the only indieation of injuiv in jilants 
that are md stunted Under certain conditions, these symptoms may 



Tn, IJ Boi.ix <f i)onto(s 1 pot jt(k fitlfl nho^^inp injiin Hue to of i 

« 1 frrtili r ' »* m >m ' ’ ,mhi hIs < ! hor i\ pi r ton V Tio-pot fi rrili/t r us< ! on tioM 
tfi thf h i( K^'roiiinl ii r»n» it< < 1 pn ( i lr«>nj a{>p in nt^ lolls hIjou jj ^ -s ariou-^ 

rttiif.nso*' l>nr,i\ mpi^\ i/o n Jr< n I ^ h p/ ip/ < or 81 

♦<hsapp<*ar or be ma' ktal bv ilu* giowtb of tiie y^iant^ d'lit* injury to 
parts b#*lo\N groiiml v^ o \and»l(‘ and (oiisi-tdl of 1 )to\mi st(*m h'sions, 
eornph U* ^’ut iini’ oil v)f >l( m- , bo)\\ no \i md Isdlma i,f lof a*-, e.nd l)in mng 
and coiToMon oi tin* eui Miiiaees of the seed pi(*e(*s the eheet^ mueb 
resembling ,Hln/oetonia ail a( k-.. 

Aceordimr to ^loI^e M92U) 

Nurncmiis c*a*-( lii\c bun icporttd win re \iei<K \\(*r( tiv)t o\(i Imlf oi oiu 
Ihirtl of a normal croj) and ^oim of tin n.oie^e\eul\ in iu#(‘d in 1<N would haidU 
jiroduee a MiOieicnt <Top to pav tin <(e1 of han(*>tuur 
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Oji (Vr//. “Thc pn'senrc of borax may cause delay in f^enui nation 
and distorted and bleached plants, or in severe cases the stalk, may cease 
m-owin^ and wither after the'^youn^ plant has pushed through the soil. 
In still n«)re sc'rious cases, the seedling lacks the vitality to push above 
ilie soil and withers and dies, ddie injury is during germination and 
rarly growth, and the bleaching wall vary with the conditions and the 
amount of borax present in the soil. The amount of discoloration will 
vary from slight to almost complete bleaching, and affected leaves may 
be unitormly discolored or they may 1 h‘ banded or streaked with white or 
yellow. Discoloration may be followed ])y tip burn or complete wilting 
without r(‘Covery, or, under more favorable cemdition^, plants showing 
tile trouble wlien young may recover and make a gn wth tliat is nearly 
normal. 'Ihv amount of aetual injury has varied. iVheii heavy rains 
followed the applieation of the borax (5 to 10 jxninds per aerej, there was 
an increase of both stovei and ears, while th(‘ same ({uanlines under drier 
coTiditions caiise<l very jironouncc'd decreases in yuld. 

Ofi Uotian. -Dorax may eaus(' the death of young seedlings, or they 
may be stunted and show’ a weak, shuider growth. The <leath of young 
jilaios and tin* ret ardatit)n of gn»w^th of others may give a poor stand and 
an unev(‘n growth 
• 

'I'hf' '^(‘cdliiigs vs Inch have not made sufficient growth to f^iit out the first pair 
• ’f trm‘ Icavc.'^ may ivmam willi no apimrent growdh for 2 or 8 wci'k^, tluai dead 
area^ may appear between the veins and along the margne (>f the eotyledons or 
s('ed leave^ Tlu'se cotyledons at length beconu' dry and the plant pen^^hes 
( fMnniiner and Wolf. P)2U) 

Plants less severely injuretl may show yelJovving of tiie foliage, a 
stunted grow’th, cup-shaped leaves, an early sinalding of the low’er 
l(*aves, earlier maturity vi the entire plant and very much leduced yields 
Atleeted jilaiits develoj) fewer and shor.vr roots than normal plants. 

On Tohacro Ib'avy applications ot borax ftO pounds or imne jier 
acre) to filanl beds cut lier inhibit germination or produce yellownsli-udiite, 
dwarfed plants 'Transplants to fields fertiliziaj wutli borax-eontaimng 
buMilizers may die within a few^ days, and tlx’se 

. . wlucii survive eitluM' fad tf> “grow off ■ rianain stunted in both top and 
root. When afToeteii ]>lanls start to grow, the lower leav(‘.s an' palc'r green ttiajj 
normal and are also thnker and ies‘^ l>road Tlu* ti.-.-u("^ niosf ilistant from tlic 
pniicipal veins an- palest and mav Im eoine d('ad and drv 'Tht‘ leal margins and 
ti})s ar(‘ rolled downward and at length b( eoini^ “nm bound.” 'The roots of 
plants wdiich are sevondv stunt i a tend to be densely clnst('red ix\'U the end of the 

mabi root and are .all short and Imrous (Plummer ami Wolf, IU20V 

• » 

Those loss injured may have a second group of roots near the surface of 
the soil, with few ftiterinediate roots. Firing” of the leaves rather than 
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normal ripening is characteristic of affected plants as they approach 
maturity Both quantity and quality of the product are affected 



n 

Fi(. 36- -Borax injury of rorn A plat lo whirh n6 borax \\a8 applipd H p> it ncdxinc; 
10 pounds of liorax ptr acre (Afl*r If S JJ( j)l Anr liul 1126 ) 


•On Beans -^Ihis crop is cspoci illy siMisitive to borax, even 4 pounds 
to the acre causing sexeie injuiy Iht inf>s1 severely injured seedling'^ 
failed to breaU through the soil, while others which flid come up were 
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chlorotic from the start and the cotyledons did not emerge from the seed 
coats. In plants which did become established, 

. . . the injuries due to borax appeared first on the margins of the first two 
leaves, particularly the tips. In the larger borax applications, the entire leaf 
soon turned yellow, then white, followed by a killing of the tissues which pro- 
gressed from the margins inward. New leaves either failed to appear or were 
much stunted and almost devoid of chlorophyll (Neller and Morse, 1921). 

When seedlings came in contact with the fertilizer, the tap root was 
killed, and in older plants the root tips of laterals were also killea. With 
increasiiig amount of borax, there was a corresponding decrease in the root 
systems and more browned and killed laterals. Even with only 5 pounds 
of borax per acre, reductions in dry weight to the extent of 46 per cent 
werr suffered, while coni])lete failure r(‘suUed with the higher applications 
(20 pounds). 

On Citrvs. The effect of toxic quantities of bfiron on citrus incudes 
yellowing or chlorosis (4 tlje leaves, sometinK^s with a very pronounced 
mottling. Burning or necrosis at either tips or margins is common if 
the toxic action continues. Dark lesions may alsf^ apf>ear removed ftora 
the nTargin. These changes may bo accompanied with crinkling and 
rolling of (lie leave.®, and irremature abscission may lead to defoliation. 
When nitra1(' of soda was supplied with toxic quantities of boron, 
the effect tm \'alencia oranges was not very different from true mottle 
(Haas, 1929). Similar injuries were produced in cultures of w^alnnt, 
pecan, avocado and peach, with considerable necrosis between veins in 
the wralmit. D^'inon seedlings more sensiMve than orange seedlings. 

Etiological Considerations. -It has been shown by botli field and 
pot cultures that boron in small amounts either alone or when mixed 
with fertilizers wall cause injury to maav crop plants, the amount of 
injury depending on the manner of apphcati<»p., the crop concerned, the 
amount of Hh' poison applied and the actual concentration of this in the 
soil water. In field crops, injury has been greatest w’hon the borax or 
the borax-containing fertilizer was applied in drill row% rather than 
broadcast. Thir^ variation may be illustrated by btans, watb 3 pounds 
per acre as the toxic limit w4ien put in the '..ills or 5 pounds per acre W’hen 
broadcast. It has also lieon shown that there is less yijury to potatoes 
from equivalent amounts of borax when the fertilizer i.s applied in the 
furrow some lime previous to planting rather than at the time of planting. 
Borax injury is more pronounced in sandy than in clayey soils. 

The presence of iron and aluminum in clay soils and the aUlity of horai^ to 
form in.solublo compounds with these elements, especially under certain condi- 
tions, may in part account for the differences which appear in these two soil 
types, it is believed, however, the phenomenon of colloidal absorption is an 
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important factor lu accounting for the tolerance of plants to larger amounts 
of borax on clay soils (Plumrner and Wolf, 1920) 

Greenhouse tests and field observations have shown that the injtny 
from borax is affected by the amount (d soil moisture When heavy 
rams follow immediately aftei planting, the danger of injury is much 
lessened due to the leaching action of the soil water In controlled tests, 
it was shown that ^'given amounts of borax which were toxic toward 
germination and growth m &oil held at a 30 per cent moisture content 
were more toxic in soil containing half as much water” (Neller and Morse, 
1921). The leachr g of borax by rams has an in portant action in pre- 
venting the residual effect of this compound It has been shown by 
planting tests that the toxic <*ffe«'t does not persist to tlie next season, and 
the recovery of plants as the season advances rna> also be due to the 
leaching out of the borax 

The toxic limit for wheat is 2 to 8 pounds of borax per acre for beans, 
3 pounds, for potatoes, 5 pounds, foi cotton, 8 to 9 pounds These 
quantities are small eompareal with the amounts of aisenic oi copper 
which such plants will endure The p<>»son<nis iction of Ixuax be 

due to the element boron which it contains A number of iheorio^ luwe 
been ad\anced to explain the toxic action of iioron G) that it is itniizif- 
mohCf ? e , that it prevents the foimation and action of en7\Tnes oi feftnents 
which are vital to the process rif germiintion and growth, (2) that it 
interferes with the translocation of carbohyilrab food ])V forming chemi- 
cal union with sugars and related compounds, and (3) that ii interferes 
with the formation of chlorophyll bv withholding non fiom tlie ti'-sues 
and so induces chlorosi‘* AVhate\er its mode of action, it is certain llait 
minute quantities of boron exen a profound mil uc nee upon the nutritive 
processes and the regeneiation of the chloroplijll 

Prevention of Borax Injury, Since inipiue fertilizer^ are ihe source 
of borax in sufficient concentration to cause erop injury, proUction lies 
in the use of fertilizers which ha\e been punhed oi m which the borax 
content is below the danger point for the amount of fertilizer that is 
ordinarily used per acre Past experiences have re^ultcxi in commei'cial 
concerns giving greater attention to putting pure, high-grade products 
on the market. The recent inxestigations in Gahfornia suggest that 
,some consideration may need to be given to the purity of thc' irrigation 
water Boron loxicity m culture'^ was somewhat lelieved by th<^ addition 
of -various amounts of feme sulphate Leaching appears also to over- 
come the toxicity. 
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ALKALI INJURY 

WhcTi one thinks of ulkuli m its rchition B ruimrui ut'getutjon or to 
crop production, ;i picture is presented of binvii soil uitht'r de\oid of 
plant life or supporting only a sparse and (iuarlVd plant cover. This 
I)ictuie represents the extrenu* of the iJkali (dleet, uhieli jin many castes 
may he only slightly in ('videiice. a jiundy (dnuuK**! concept i he wofd 
“tilkiili’’ refers to substances having a basic reaciion, luit a.s applied to 
soils and the growth of some plants it relers to the natural a<‘epmuIation 
of soluble salts in such concentration :is to cause injury, 'Phe very 
substances which constitute the ajkali salts ma> stimulate* growth when 
present in the form of dilute solutions It is then the Nincentratbm of 
these s:ilts, rather than the kind or criulity, that is primarily responsible 
for deleterious effects of alkali soils. 
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The Composition of Alkali. — Soils that are alkali may include the 
chlorides, sulphates, carbonates, bicarbonates, phosphates and nitrates 
of the common bases sodium, calcium, potassium, magnesium and some- 
times ammonia. The actual constituents in a given locality are, h6wever, 
variable, but the three principal ingredients arc (1) sodium chloride, or 
common salt * (2) sulphate of soda, or Glauber’s salt; (3) and the carbonate 
of soda, or saJ soda. The chloiide and sulphate of sodium and other bases 
may become concentrated at the surface of the soil and produce a whitish 
mcrustatioi^, characteristic of what is sometimes called white alkali.^^ 
These alkali spots ar<‘ especially noticeable in semiand lands and become 
most conspicuous during the dry periods. The carbonates of the bnses» 
but especially the carl>onate of soda, aie capable of dissolving tlio organic 
matter of the sod, and the solution and the surface accumulations aie 



ri» 3fJ Alfalfa being killed by all ab broii^^ht to the surfaee by a rising 'water table 

{Photograph by F J r'uur^ ) 

daik, henc(‘ the popular name of black alkali ” Both white and black 
alkali are injurious t > vegetation, but the latttT is much more destructive, 
as would be rxpccMed fiom the nature of ils action on soil humus 

Symptoms and Effects of Alkali. -Idie effects of alkali will vary 
according to the concentration and kind of the salts present and the 
resistance or tolerance of the plant to alkali salts It seems to hold true 
th^at UH^sl of our valuable crop plants are rather sensitive to alkali and 
so refuse to grow in soils that somotmu^s su])port a conspicuous cover of 
native* alkah-resistant plants 

The first effect of alkali that may be noted is retardation or prevention 
of germination of seiuls. In strong alkali soils, s( eds may remain dor- 
mant, since the physiological processes of germination cannot lie initiated. 
Such seed will freipiently grow when removed from the alkali soil to 
conditions of moisture and temperature that favor germination In 
soils with much alkali, seedlings may succumb after reaching a few inches 
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in height. In others with less alkali, germination may be very greatly 
retarded and the young plants make a sickly, slender growth, marked by 
chlorosis and early death, without reaching flower and fruit production. 
In more fesistant plants or in less concentrated alkali, the growth may be 
retarded and chlorosis may be manifest, but the crop may reach fruiting 
matunty, sometimes with burning of the foliage as the season advances 
The general effects upon the plant and upon its producing power are quite 
comparable to drought injury. It should be understood lhat many other 
environmemal factors besides alkali may cause chlorosis of the foliage 
such as excess of lime, shortage of magnesium, low temj)eratures, etc , but 



Ik, -^7 All alkali spoi Note the almiue of a plant co\er {After Harnt » 


a e ireful btud\ of Ihe soil conditions and surrounding vegetation will 
genenll}" yield a relrible dlagnow^ It inav also be n(»ted that some 
plantb may siitTei from ilkali \\ilhoul the warning s 3 .mptom of chlorosis, 
the first marked evidence being a willing of the foliage dhe above con- 
sideritions applv especially to annuals oi herbaceous perennials 

Shade or oichard tr^es may be planted in soils witli a relatiyelv high 
content of alk ih salts and make a good growth foi a time until the alkali 
becoriK's moie concentrated al the surface. 'Ihe effect on est ibhshed 
tiees lb a ret arch d giowMh and more c>r less chloiosis In some cases, the 
foliage may become a brilliant golden yellow In trees, such aJ 

apple, apricot, etc , the trees may be dwarfed, the foliage scanty and the 
new shoots short, with few small leaves Such tioe'j may survive for a 
period of years in this wcaktned condition, or, with increase in the con- 
centration of the alkali, the\ may succumb The burnmg*or blighting 
of leaves at the tip or margin is not an uncommon symptom of alk?lh 
injury, and those symptoms may be followed by premat uie fall The 
gradual accumulation of the salts at the surface of the soil mav cause a 
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corrosion of the bark at the crown, resulting, in extreme cases, in a girdling 
which interrupts the downward movement of elaborated food to .the root 
system The general effeetb will then be very similar to the crown or 
collar rot due to winter injury, and one set of conditions may supplement 
or aggravate the other This corrosive action of alkali at the surface of 
the groiiml is most evident in the case of black alkali but generallv of 
minor importance in contrast witli the general interference vvith the 
nutrition 

Plants that have become adjusted to saline conditions have undergone 
pronouueed structural modifications, and it has been shown that these 
changes of structure are veiv similar to those ado| ted b\ xerophvlic 07 
drought-resisting vegetation; le, thev are designed lo diminish the 
evaporation or transpiration Some of these \ei( phytic modifications 
are 

diminution in size of leaves, assumption i vlmdricd or tonns, sn k 

ing in of the breathing pores below the (mter surtacc dense h iir\ covering rc'sm- 
oiis exudations etc InternalU wc find th it xerojihile plants have devcloind 
on their appear or outer lent Hirtaces instead ut one, srveral layers ol pali ide 
cells (Hilgard, IhOti) 

When our crop plants are forced to endure alkali, some modifications 
of >tiuctuie result Harter (1908) found that wheat, oats and barh \ 
grown in saline solutions developed a conspicuous bloom or waxy covering 
on the leaves, a thicker cuticle and external epiderrn il walls iind '-mailer 
epidermal cells If our crop plants could modify their structure mon^ 
ratndly under the intluenee of alkali, they might be more resistant 

Etiological Considerations - Alkali c'iiist‘s inpirv to out crop plants 
in a number of wa\> (1) by the reduction, ui flu prevention, of absorp- 
tion, (2) by i reduction of ti inspiration bv 1 ixic ictjon ufxui the 
living cells, bv int( rfertuiee wdh the chloiofihvll appai itus ind the 
[)roc(‘Ss of photosynthesis^ (f)) b\ eonosive letM/ii lu^in loots rir stems m 
contact with the coneiuilitited Milutions esja'ci iMv sodium eirbonatc , and 
indirecllv (fi) bv iffectmg the physic d pi'»fxriies oT soil^ and theur 
biologieaf activitK s 

Seeds fail to geimm ite iii strong aik di, bec.oise ’lu v do not imbibe or 
absorb the riecessaiv moisture 

^ It Timv he said,.roagtiIv -peaking Unt tlx ti> orptiou tit water hv tlx' 
begins to dumnisli so soon as the coiicentr ition of the saline solution ipproaclu- 
or exceeds one half of 1 per cent, while when it rls(‘^ as higli as ,> per cent water 
alisorption ceases by the roots even in the wettest soils, and the plants siitTei 
from drought, quite as much as from any directly injurious eff<*ct« of the s'ilt‘- 
(Ililgard, lOOfi), 

The total amount of the salts found in alkali lands vanes from 0 1 to 
3 per cent of he weight of the soil taken to a depth of 4 feel , so we may 
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note that the concentration of the Roil water may be such as to reiard or 
prevent absorption. If the cell sap of the root cells is more concent rated 
or has a higher osmotic value than the soil water, there v\dll be a inov(‘ment 
of water "into the cells; but wlien the concentration within and withoul 
the cells begins to be equalized, absorption is gradually regarded, uniil, 
with a greaier concentrat ion of oaiiiotically active solutes outsidf* the 
cell, water is actually witlidrawn and the pro1f>j)lasTn (‘ontracis fr(‘m the 
cell wall. This plasTnf)ly,si.s of the cell would be the final efleet of 'sl i uia 
alkali, and such plasrnolyzed eells die unless the oMn<>tic bc.laifec soon 
restored. It is not solely water absorption lliat interfered witln liui 
the alkali salts, esp^^cially sodium, interfere wilh the absorption ami utili- 
zation (>f neee^sar^ nutrients 

It has b<'en ^howll by eertain les^^ Miat fjuantities ()f alkali 

salts stimulate transpiration, lait \\)ien ihey are present in sutricicnt 
quant iH(‘s io bring about n,oditn*a1 ions of struct ore, t rans])iration is 
much reiarded, and eom-ecjiientlv irrowth is le^-s 

Aecc»rding to Harris (191oi. 

Tile amen, or acid r‘tdi(*al and not tin ratio , or OaMc radical. ileternuiH^^ 
the toxiedy of alk'di ‘'alts in tl.c -(»il the acul fidie'd- UM‘d, chloride 

decidt^itll V tli^' inoM t »vic ivl.ih oidaiin wa tht ino't Iomi hasf* 

The Opposite condition, lu . tlie greater uifluetu'e of t lie cation, w^as 
found for solution by Kearmw and (hnneron (19021 Many 

('Xf>orirnems have sfioeni Hu' toxic *uu»on nl single salts when jtresent in 
sidiition eultnivs and 0\r Katiiclion of ihis tox’cnv liy tlie presence of 
other (deni('nt‘‘ d’hese same sails are nol of nece'-'-dx i('\ie wlaai added 
ui the s.uni' (juan1it\ to ^oll '’Ih u'snli s obi mned by Harris (lOloi wore 
iiased on M>il eulluies to xxiiicb i he ddlenuit salts won added. He gi'vi'S 
the folhiwmg onh'i' of toxicilv fm solnbh* .salts wi the soil: 

sodium chUiride, calcium rldoruU jiotassunu chloride*, f-oduuu uitratc. 
magnesium cldorulc. ])(>tassmm mtrat< maguesuini mtrati*, sodium e;if},f)uat( , 
jiofiissuiih larliouati'. 'oduim '"uiphati*, ju»ta'"‘iuin ^idphate and mHgnc'''mm 
MilphaU* Th(‘ nniiriou- actaui o! tin alkali -alt' i- net in all cases pri>]>()rtio!ial 
to tlie osmotic j)r('s.sun‘ of tlie '>alt 

Judging from tiie frequeiu'y with ^lileh chlorosis is the result of 
alkali, the ‘etardaiion or slowing up of ihe pliodistnt hotic aetivitii* 
should receive more emphasis as a phase of alkali injury. This alkali 
chlorosis is apparent l 3 ^eoiiiu’ei(‘il wit li iron aiulealeium nutrition, since tlid 
“Solution of both is ])ri‘vente<i by hltick^ alkali (Hibbard, 192i)). 

Alkali salts affect crop growth indirectly by modifying* the physical 
properties of the soil, causing the “freezing up.” The first effect t<rbe 
noted is the pude^ing of tlie soil or ifoflrx'culating of the particles, pro- 
ducing a eonipaet (amdition which prevents the rapid rise of water, while 
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the more active condition is seen in the firm, hard crusts which form on 
the surface of the soil, thus affording mechanical interference with plant 
growth. 

Under the surface of many soils in the arid regions, particularly in sections 
of abundant alkali, a hard layer is found which obstructs the penetration of both 
roots and water. Hardpans are not always caused by alkali but are more likely 
to be formed if it is present (Harris, 1020') 

The physical effect of alkali on soils in leading to unproductiveness is 
stressed (Breazcale, 1927) as being fully as important as the toxic prop- 
erties of the salt solutions, as illustrated by barrin alkali soils which are 
non-toxic. 

Alknli soils have a marked effect upon the life and activities of soil 
organisms, especially the nitrifying and nitrogen-fixing bacteria, decreas- 
ing their activities. Just how^ much importance should be attached to the 
modificatii)n of tiie biological activities of the soil by the presence of 
alkali is still somewhat uncertain. 

Resistance to Alkali.-- There are great variations in the tolerance of 
plants to alkali, some being able to grow in exc(‘ssivo alkali (above 1.5 
per cent), while others are barely able to grow in weak alkali (0 to 0.4 per 
cent). This variability is well illustrated by the following list showing 
the plants that are likely to succeed in various concentrations: 

Excessive ulkah (above 1.5 per cent) Salt bushes ami salt grasses. 

Very strong alkali (1.0 to 1-5 per cent)- Date palm and poinegranntc bushes 

Strong alkali (0 8 to I per cent)- Sugar Ivet^, westeiii wheat grass, aw^nh'ss hromc 
grass and tall meadow oat grass. 

Mediufii-stnjng alkali (0 0 to 0.8 per cent)- Me*ul(iu hseue, Italian rye grass, 
slender w'heat grass, foxtail nnllet, rape, kale, sc)rglH.m and barU v for hav 

Medium alkali <0 4 to 0 0 per cent)- Red top, timothy, orehard grass, cotton, 
asparagus, wdieut and oats for hay, rye and baile\ 

Weak alkali TO 0 to 0 4 per cent) Wheat, (miner and oats for gram, kaiir, inilo, 
prosu millet, alfalfa, field peas, vetches, horse tieans and sw'cid cIovit (Kearney, lOl 1) 

The relative resistance of some of the common crops in (he seedling 
stage is given by Hams (1915) in the followirg order: barley, oats, wheat, 
alfalfa, sugar beets, corn and C^anada field i 

Fruit cropvS also show great variation in tlieir tolerance to alkali, and 
some varieties of a given fruit may show j n nounced differences in resist- 
ance 1(^ alkali injury (Kelley and Thomas, 1920). Crapes are listed as 
the most tolerant to alkali, being able to withstand containing 15,760 
pounds of total alkali per acre (surface 4 feet), while the highest amount 
endured by the mulberry without injury w^as 5740 pounds per acre, llio 
comparativfi' resistance to total alkali consisting of Glaubcr^s salt, sal soda 
and common ^alt has been given in the following order: grapes, olives, 
almonds, figs, oranges, pears, apples, prunes, peaches, apricots, lemons 
and mulberry (Loughridge. 1901). 
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Prevention of Alkali Injury. — ^Alkali accumulation is characteristic 
of semiarid lands in which the high evaporation brings the alkali salts 
to the surface, while there is not sufficient precipitation to redistribute 
them in tfie soil. Excess of soluble salts is sometimes sufficient in long- 
continued ground culture under glass to cause crop injury (Connor and 
Gregory, 1928). Irrigation favors the surface accumulation of alkali 
in semiarid regions, since alkali previously well distributed in the soil 
may be brought to the surface with the rise of capillary water and left as 
a surface incrustation when the moisture evaporates. This is what is 
known as the ‘^rise of alkali.’* The purity of the irrigation water, ?,e., its 
content of alkali salts, is of importance, as the alkali accumulation will be 
accelerated by the rise of impure water. 

No single practice will handle the difficulties encountered in cropping 
alkali lands. It may be noted first that lands favoring alkali injury need 
heavier irrigation than lands in which there is no alkali problem. Also 
that irrigation water carrying much alkali must be used more copiously 
than purer water. The principal methods of handling alkali lands so as 
to prevent crop injury or to reduce it to a minimum are as follows: 

1 'Phe use of alkali-resistant or alkali-tolerant crops. 

2. The adoption of cultural practices that will keep the alkali well 
distributed in (he soil or retard or delay its accumulation at the surface. 
The most imp^Trtant practices are those which retard evaporation, of 
which the following may be mentioned; (a) cultivation to keep a surface 
soil mulch; (h) the use of a surface mulch of mauurc, straw, leaves or 
sand; tc) the establishment (»f a crop cover that will shade the soil. 

3. The burying of the surface soil by deep plowing. 

4. 'J"he lowering of the water table and the ])revention of seepage 
by (he use of cement-lined ditches. 

The above are, in the main, methods designed for lessening the injury 
in lands that are moderately alkali. V/hen the alkaP accumulation is 
excessive, the actual removal of the salts iroin the bv)il or theii transforma- 
tion into less injurious forms is of most value. Several different prac- 
tices have been recommende<l, some of which are of only minor impor- 
tance. llemoval of the surface alkali by scraping or brushing from the 
surface is rarely practical. Removal by cropping to a heavy alkali 
feeder like sugar beets has been recommii- M^ d for lands showing medium- 
strong alkali to fit them for a more sensitive crop. The.most important 
practices for alkali removal or transformation are: (1) underdrainage 
alone or supplemented by flooding and leaching; (2) diking and flooding 
to a depth of several inches, followed by surface drainage of the water and 
dissolved salts; (3) the neutralization of the sodium carbonate or '‘black 
alkali’’ by the addition of gypsum, which results in the formation of 
calcium carbonate and sodium sulphate, thus changing the alkali to a 
much less harmful s&lt. The use of the gypsum will also facilitate drain- 
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age iiid reduce the loss of org iiur rnattf i, ^hen flooding or underdramage 
IS pi act jeed M iMin ind Xin-^on, 102*) Burgees, 1Q28; Other •chemical 
treat irunts h i\e ilso bf( ri ^t( <1, such as the applicition of elemental 
sulphui (Hil)bird J921) ot sm dl amounts of sulphuric acid following 
the complc tion of l( idling h< \v\ ip{)h<. d ions of manure aie necessir\ to 
nstoK the l\nd to piodudueness I he dangm of removing plint-food 
inatdiiK IS well is llu ilk d silts oi (he on ition of detrimental ritios 
of esM 111 1 il ( h Tue nis i iisult of llooding or le iching, and thus lendenng 
lind^ unpiodiutni foi i pi iii d, his been given emphasis (Greaves el al , 
192^ Tlibliird 102'S 
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Important Dibeaseis Due to Excesses of Solible Salts 

Aluminum toxicity.- McLean, F. T. and Gilbert, B. E.: The relative aluminum 

tolerance of crop plants. Soil Sci. 24: 163-177. 1927. and ; 

Aluminum Uixicity, Plant Physiol. 8: 293-302. 1928. Miller, E. C.; 

Aluminum. In Plant Physiology, pp. 279-282. McGraw-Hill Book Company, 
Inc., New ^ork. 1931. Gilberi, B. E. and Pembeu, F. R : Further evidence 
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Sci 31:207-273. 1931. 

Boron injury.- -{See special treatment, pp. 82-89.) 

Lime or manganese chlorosis.- (See special treatment, pp. 75-80.) 

Magnesium injury.- - Gericke, W. F.: Magnesia injur>' of plants grown in nutrient 
solutions, Ro/. 74 ; no 113. 1922. St't* also Garner oL under Calcium 

deficiency in tobacco (p. 63). MacIntike, W. H., Shaw, W. M. and Young. 
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331 "340 1925 Trelea^-u , and Tuelease, il M.; Magnesium injury of 

wheat. Bui. Torr Hot. (lub 68: 127-14S, 1931. 

Nitrogen excesses.- (See special Ireatmeni, jip. 73-75.) 

Soil-acidity malnutrition. (S^'o .special tiTatin. it, pp. 80 82 ) 



CHAPTER V 


DISEASES DUE TO UNFAVORABLE WATER RELATIONS 

Before considering the ways in which a disturbed water relation may 
affect the growth and production of crop plants, a brief outline of the 
function of water in the life of plants may be presented. 

The Function of Water. — The uses of water are as follows: (1) It 
serves as the solvent for, and vehicle of, transport of food and food matenals 
from the soil into the plant and from cell to cell throughout the pbrnt 
body and thus constitutes 80 to 90 per cent by weight of the active plant 
cell. (2) It serves as one of the crude materials (water plus carbon 
dioxide) in the rocess of carbohydrate food manufacture, or photosynthe- 
sisy by all green plants. It thus furnishes the hydrogen and oxygen of 
sugars and searches which are later used for food and also lakes part in 
<.^her necessary chemical processes, such as the hydrolysis of the complex 
foods like carbohydrates, proteids and fats. (3) It makes possilSe the 
maintenance of turgidity or a hydrostatic pressure within living cells, a 
condition which is necessary for, or essential to, growth. (4) It supplies 
transpiration or evaporation — the loss of water through aerial parts — and 
thus promotes and regulates growth. Water loss by transpiration is a 
measure of growth and the accumulation of dry matter in our plants. 
The internal structun^ and the external form of plants may be profoundly 
altered by the variations in the water relations either by the soil moisture 
or by the humidity of the aiT* A detailed consideralion of sucli alteration 
would carry us into the province of plant physiology and ecology, but it 
must be evident that excesses or dearth of water will so affect nutritive 
or other physiological processes as to produce either disease or death of 
cells, tissues, organs or entire individuals. 

General Effects of a Disturbed Water Relation. — The demands of our 
crop plants for water are exceedingly variable, and even certain varieties 
* of a species may be much more sensitive to moisture fluduations than 
others. A plant may be provided with too much or too little water, or 
water may not be available at the right time. The health of a plant is 
affected by the moisture supply of both its soil and air environment, and 
the amount needed for a normal or thrifty development is influenced by 
tarious environmental factors, such as teitiperature, sunshine and 
physical properties of the soil. The effects of a water shortage will vary 
in the case of sudden and acute shortage or in chroniv^ deficiency of water 
throughout a long period. The first marked response to a pronounced 
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water shortage is wilting, the drooping of succulent shoots and the rolling 
of leaves. The Joss of water faster than it can be brought up from the 
root systtAn decreases the turgor of the cells, and the structures, normally 
tense or rigid, become limp and flaccid. This physiological wilting is a 
common sight on a hot summer day, but the wilted structures again 
become rigid during the night or when evaporation is retarded, and thus 
growth proceeds ivith only temporary checks. Marked water shortage 
will result in retardation of growth and dwarfing. Moisture deficiemy 
IS rarely operating as a single factor, since high temperatures and intense 
sunshine are frequent accompaniments. A plentiful water supply 
stimulates growth and results in the production of succulent tissues as 
contrasted with ihe firmer structures of plants supplied with moderate 
amounts of moisture. 

Effect of Moisture Deficiency. — If the shortage of moisture is not 
relieved, drought response in foliage is marked by yellowing, reddening or 
other (hscoloiativins, followed by leaf fall in woody plants. In plants 
eufferiiig from drought, dead brown areas may apf>ear in the intercostal 
arcat'* of leaves, in the center of areolsc of these areas, or the leaves may be 
blighted or burned at the margins or tips. It should bo remembered that 
other tors, such as toxic substances acting internally or externally or 
intense light and heat, may give rise to somewhat similar symptoms. 

Moisture shortage by its interference with nutritive processes may 
lessen the production and &tf)rage of reserve food. Tuber or root crops 
will remain small, and cereals will jiroduce shriveled grains. Fruits may- 
be spotted, deformed or under normal in size, or they- may^ shrivel and 
fall prematurely In woody pi mtp, drought injury may not be evident 
enliiely during the season of low moisture, but the effect may be delayed 
until the next spas('n, when weak shoots may be formed ui twigs or 
branches die back, producing stagheod oi dieback. 

The transplanting of herbaceous plants or of nursery trees frequently 
causes a disturbance in the water relations that may result in either death 
or a retarded growth. If herbaceous seedlings are grown in the moist 
atmosphere of a greenhouse, hot bed or cold frame, the cuticle is delicate, 
the external epidermal wall thin and the tissues in general poorly suited 
to withstand the rapid transpiration of a air. Hence if such plants 
are suddenly transplanted to the field, they may wilt so rapidly that death ^ 
will result. If the root system is broken or mutilated, the danger of 
injury is greatly increased. The reduction of loss in transplanting may 
be accomplished by: (1) the hardening of plants by gradually subjecting 
them to conditions which appioximate those of the field, ratlfer than by 
a sudden change; (2) care in preventing the mutilation of the root system* 
(3) cutting back the top or removing deaves to bring about a balance 
between transpiratidh and absorption until the root system can provide 
the necessary watei ; or (4) the protection of the transplanted planta 
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from the direct rays of the syn or from the force of the wind so as to 
retard transpiration until the plants have become established. • Because 
they are not able to adjust themselves to the new conditions, many 
delicate plants of the greenhouse, if moved to the dry air of li^ng rooms 
without being hardened, may wilt, drop their leaves and even succumb. 

Some Effects of Excess Moisture. -The injurious effect of water- 
logged soils has been pointed out (see (^bap. VI on. Diseases Due to 
Improper Air Relations), and the importance of soil oxygen in the life of 
our crop plants emphasized. It has been shown that, in addition to the 
phenomena of yellowing and decompositions connected with an over- 
supply of water in the soil, there is an actual decrease in production 
Recent attention has been directed to the fact that any effect on the plant 
resulting from driving out the soil oxygen or the prevention of aeration 
may be due to cither the lack of oxygen or the excess of carbon dioxide^ 
which cannot be carried away (Knight, 1924) acting directly on the plant 
or on the soil organisms. It is significant that water cultures of corn 
failed lO respond to aeration of the nutrient solution. 

An abundant water supply produces a typi' of growth that is more 
susceptible to the inroads of either bacterial or fung(ms pathogenes (see 
Fire Blight) and is more sensitive to extremes of heat or i‘ol(l. This may 
be illustrated by the nun mild of the potato. When a period o^^warrn 
rain, which checks evaporation and supplies rabundant water, is followed 
by a period of high temperature and bright simslune, ihe leaf tissues 
which are suffused with water are frequently injured, and a sudden blight- 
ing of leaflets or portions of leaflets n suits 'I'his condition is sometimes 
mistaken for the invasum of a jiaiasitc* The same temperature and 
illumiiiation would have no injuiiouh eOecI (uj tissue having a normal 
water relation 

The great(T delicacy of the cell walls in plant structures providcui 
with an abundance of winter and Mie increased rato of growth froqiieiitl} 
result in the rupture of flesliy organs, such as fieshy roots, tubers, steni'^ 
or fruits. 

All of these phcaioiDcna iiave characteristic^ in common - that thc\ are ini- 
tiated only when, after a considerable jMTiod ol normal d(*veloi)ment, or still 
more after a ])ievioiis [XTiod, an unuMial supply of water is given suddenly 
(Soraner and Dorranci*, 

This behavior is well illustrated by the cracking of carrots, kohl-rabi, 
beets, turnips, potat(K*s and even some herbaceous sterns. In the potato, 
the rupture is frequently interpal and then the condition known as 
“hollow heart ” results, m which a central cavity is formed, bordered by 
brown, cixidized tissue. Hollow heart is most freiiuent in jiotatoes which 
have been stimulated to an excesaiye growth by abyndant moisture, as 
is frequently the case in irrigation farming. The rupturing of nearly 
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mature, soft-skinned fruits, such as cherries, plums or tomatoes, when a 
lain follows a rather prolonged dry period is a fairly common phenom- 
enon. Those troubles have been proved to result from high sap pressure 
due to exflessivo water supply. 

The knot-like or pustule-like enlargements on various organs, such as 
stems, leaves or fruits, produced as a result of the enlargement of groups 
of cells, are known as iritumescences, while more extended swollen areas 
in which similar tissue changes have taken place are characteristic of the 
disease known as dropsy or (tdema, A similar trouble of the tomato has 
been described in some detail by Atkinson (1893), who came to the con- 
clusion that loo much water in the seal was one of the causes, although 
insiifFicient light and improper temperature relations were favoring 
factors Many theories have been proposed to explain the formation of 
]nt*uim\s‘*ences and similar deviations from the normal development, but 
these cannot be given a detailed discussion. Suffice it to say for our 
present purposes that they represent a disturbed nutrition of the cells 
in which the cell walls remain relatively thin and the cells become dis- 
tended with cell sap, frequently reaching many times their natural size. 
It may also be noted that intumescences have been produced experi- 
mentally bv either •chemical or mechanical stimulation (Smith, 1920). 
'rhe phenomenon of bitten or perforated leaves, in which leaves are very 
much shredded, torn or perforated by irregular openings, is closely related 
to the formation of ‘^intumescentia’^ from the standpoint of origin. The 
production of enlarged lenticels m potatoes or other underground organs, 
as the result of excessive moisture, is also similar to the formation of 
intumescences. The so-called ^^tan disease may also be mentioned in 
this connect ion The bark of e^'^her roots or aerial portions becomes more 
or less swollen in either localized or extend^'d patches, and the outermost 
cork lasers break or peel away. The surface beneath the blisters may 
show a whitish granular or even w'Ovilly appea^'ance due to large numbers 
of loosely ananged cells, intmy of which may become more or less elon- 
gated. These loosely arranged cells die and then, under dry conditions, 
appear as a dry, reddish-yellow, brownish-yellow or brown powder which 
may easily be brushed off. I'lius condition may be induced on the apple 
by severe heading blick to prevent transpiration ai a time when root 
absorption is active A somewhat sini.'uu type of cell formation is 
responsible for the “ woolly streaks in the cores of certa»ja apples, and the* 
tendency to form such streaks may be especially pronounced in particular 
varieties. 

The fall of leaves, the shedding of blossoms, the dropping of fruits or 
the casting of twigs may sometimes result from a disturbed w»ter relation, 
either an excessive supply, a shortage or abrupt fluctuatiDns, although 
various other nutritional disturbances may play a pnomineni part Such 
troubles June dfop of fruits, failure of frpits, like grapes, to set or 
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latipr, their shelling, the blossom drop of tomatoes and the shedding of 
cotton squares oi bolls may be fiieotioned m this connection Although 
there arc many faclors that play a part in reducing Ihe set of frujt exces- 
sive rains and prolonged humid conditions at blossoming time play an 
important r61e .\i5ide from th^ indirect effectb of such conditKfns on the 
nutrition of the plant, ram was>hes pollen down to the ground, restiict«i 
either wind oi insect pollination, causes pollen grams to burst and also 
washes away stigmatic secretions vihich promote the germination of the 
pollen grama 
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BITTER PIT 

Of the «-cvcral spot disetx^es if the apple, the widespread trouble 
charactenzed by the appearance of ciicular or slightly irregular depressed 
spots on the surhKio of the fruit and also by inrernal necrotic ireas, and 
known most generally as bitter pit, is the most important. At various 
times, it has bt^en described under a numbtr of othei common names, 
such as fruit spot, apple brown spot, spotted apples, Baldwin spot and 
fruit pit by Pmglish and American writeis, as “Stippen,” ^‘Stippflecke,” 
‘'Shppigwerden’^ or '‘Stippigfleckigkeit” by the Germans and as ^4i6ge ' 
or ‘'points bruns de la chair by the French. 
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Spot Diseases in General. — Bitter nit has not always been clearly 
differentiated from the other non-parasiiic spot diseases of the apple. 
The most important of this group of troubles and their distinguishing 
characters are as follows; 

1 . Bi&er Pif, — Superficial, circular or subcircular, depressed spots and 
internal necrotic areas 

2. Spot Necrosis or Drought Spot.- i arge, iiregalar, water-soaked 
spots generally located toward the calyx end» which later become de- 
pressed and show a shallow layer of dead brown tissue below the spot. 

3. Cork and its modificathma, known under ^uch names Us blister, 

malformation, dry rot, York spot, punky disease, crinkle and hollow 
apple. Internal dry, punky patches of tissue, much more extensive than 
in bitter pit and wdh or without external malformations in the form of 
depr<jssions or ridges. Hollows may be fuimied in larg^^r dry-rot areas 
by shrinkage of affected tissue. The disease may appear with or without 
reduction in size, d(‘p(mding on severity. In blister, the surface is first 
covered with browm, more or less circtiiar, raised which may later 

crack and scale off, lea\ing the surface rough. 

4. Jonathan Spot. — Circular depressed spots, minute to '^4 inch or 
slightly more in diameter, alw^ays centering at leixtioels, with a shallow 
area of necrotic tissue but no internal necrotic areas as in bitter pit. 
Common on the Jonathan but not confined to that variety. 

5. Jonathan Freckle. “Circjlar areas of discolored tissue up to ^4 inch 
in diameter, only skin deep and not bf'coming depre^w-^ed. Appears only 
in storage. 

6 . Scald. — Brownish discolorations of the bkin involving rather 
extended areas, especially on the lighter cheek, sometimes followed later 
by internal discolorations of pulp (common scald » or subcjjcular ('r 
irregular elongated areas of brown tissue having much the appearance of 
a fungous rot (soft scald}. Ap(>ears (/rly in storage (see more complete 
account, p. 12.3). 

7. Stfgnionose. — This nMiie is applied to the abnc^rinal fiuit conditions 
resulting from the feeding cr egg-laying punctures of certain insects, by 
which the fruit is sp(»tted, pitted, malformed and .sometimes reduced in 
size. Due to rosy ajihis, red bugs, thrips. leaf h ^ppcTb, etc. 

In much of the earlier American liter iture, bitter pit .ami the parasitic 
fruit spot {Phoma po7ni Pass.) were con. used. This fungous disease of 
the eastern states was first clearly differimtiated fri'*m bitter pit b/ 
Brooks (1908). 

History and Geographic Distribution of Bitter Pit. — This disease was first recog- 
nized in Germany in 1869, and oic name “Stippen” has been used more frequently 
than any other, being given to trouble by ^\ortman (1892). le was rocortied 
os fruit spot by Jonc^, as early as 1891 in Vermont, and Inter as ‘brown spot und 
Baldwin spot. It was first referred to as allotted apples’’ by Crawford in his study 
of apple troubles in ^uth Australia, published in 1886. The earliest report from 
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England was in 1905, the trouble being described as the apple brown spot. Bitter pit, 
the name now in most general use, was first applied by Cobb (1896), who studied the 
disease in New South Wales. The disease was the subject of study by Evans in South 
Africa in 1909, but the most extensive studies were begun in Australia in 1911 as the 
final outcome of an agitation that was started by the National Fruit Growers Confer- 
ence of Australasia in 1908. By the combined support of the Federal government 
and the several states of the Commonwealth, thf investigation of the bitter-pit prob- 
lem was assigned to McAlpine, and five extensive rep^irta (1911-1912 to 1915-1916) 
were issued. Following the first reports of the disease in the United States, it received 
frequent mention by experiment-station workers, hut little information was con- 
tributed beyond the description of s 3 'mptoms and effects, the recognition of its 
non-parasitic origin and theorizing as to possible cause. Delay in emphasizing the 
investigation of bitter I't in the Unite<l States was due paHly to the jiresence of 
numerous parasitic diseases which absorbed the energies of experiment-station 
workers, and partly because in the earlier years there was not m gn^at a demand for 
liigh-gmde fruit. The development of the irrigated orchards of iht^ West and the 
emphtiiJi.s on the production of extra-fancy fruit for eastern markets and foreign ship- 
ment have brought the bitter-pit problem to the attention of our orchurdists and have 
been a stimulus to more recent work. The problem was given special attention by 
the Federal Office of Fruit Disease Investigations, and several reports have been 
issued by Brooks and Fisher (1916, 191H) based largely on the work of Fisher in the 
important Wenatchee district of Washington. These reiKirts have been valujjible 
contributions to our knowledge of the spot diseases in general and have given new 
light on the etiologj’’ and control of bitter pit. 

Although there is no available proof of the fact, it seems probable that bitter pit 
has affected the apple from the time when it began to be generally cultivated^ This 
may be inferred from the physiological nature of the troubh;. It is certain that the 
disease was recogirized in Europe long before any definite name was ever applied to it. 
At the present time, bitter pit is recognized as a disease of apples wherever they art^ 
grown. It is not. however, prevalent to the same extent in ali commercial appl<‘ 
districts but seems to be more frequent and severe in those localities in which there are 
the greatest chances for a disturbed w'at«r relation of the growing crop. Bitter pit, 
therefore, is of most concern in irrigated districts where the normal conditions ani 
semiarid and w here the water supply is a variable and fluctuating factor. Even under 
natural conditions, certain localities, from their normal soil and climatic relations, ma v 
favor the trouble. It is sometimes stated that growing the apple where nature never 
intended it to grow has increased the amount of bitter pit. This will probably explain 
why it has been most severe in certain parts of America and Australia. 

Symptoms and Effects -•--Bitter pit is a disease that is confined entirely 
to the frfiit. The trouble may be very severe on trees which appear to 
be in prime health if judged by vigor of growth and luxuriance of foliage. 
The disease does not make its appearance until after the fruit is half 
Cp-own and generally is not evident until the fruit is approaching matu- 
rity. In many cases, it does not appear on the fruit previous to harvest- 
ing but becomes evident later, generally during the early part of the 
storage period. 

The first cextemAl evidence of the disease is the appearance of slightly 
discolored spots on the drin of the fruit — darker red in red fruits and a 
deeper green on the yellow-skinned fruits. At first these spots are not 
depressed, but soon they become more or less sunken and assume the 
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character of typical bitter-pit lesions. Such spots are more or less circular 
and vary in size from minute specks to others 3^ inch or more in diameter 
and appear like dents in the skin. They are not localized on an} particu-- 
lar part uf the fiuit bin are likely to be most numerous toward ^he calyx 
end and even in the most severe cases are absent from a small area around 
the stem. Two or more pits standing adjacent may be confluent and so 
give nse to larger and more irregular lesions. The coloration of the skin 
as noted for the young spots persists for some time in the pits, but findlly 
the depressions become brown due lo the death of both surface cells and 



Fk. is Bittei pit of apple. {Aflir MvAlpun ) 


underlying pulp tissue The skm lining the pit*^ i run ms unbroken 
throughout the course of the disc'use 

When an affected aj)plt‘ is cut m t%vo, it is geii(‘r dl\ haind to show 
internal groups or masses of brown necrotic pulp cells wlueh sIk'w no 
connectif>n witli the external pits and the necrotic tissue just beneath 
(hem 'The internal necrotic areas are generally most numerous in the 
peripheral portion of the pulp, but they may «'( '‘ur at any point outside 
the core wall. It is frcqueml> noted that the fruits winch show no 
external marks of the disease are alreao^ effect cd iriteinally This can 
readily be demonstrated by cutting iiit(> ap]>arentlv no^iinal fruits m lotfi 
that show a good percentage of evident pitting Thus we may find 
abundant surface pitting and few internal necrotic sjiots, internal lesions 
with no external pits, or the ksions may be abundant ooth on the surface 
and in the interior. 

The pulp or flesh directly Vieneath a pit as well as the discolored spots 
in the interior consist of a mass (»f dead brown cells, dry and more or 
less corky or sixitigy in character. At first the dead tissue is a light 
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brown, but latei* it becomes a darker brown. The tissue of the iesiom> 
generally has either a slight or a very pronounced bitter taste, so that this 
character coupled with the pitJike depressions makes the name bitter 
pit” especially appropriate. Although other non-parasitic spot diseases 
resemble the bitter pit and certain parasitic spots like the New ^England 
fruit spot appear somewhat similar, when one really becomes familiar 
with bitter pit, it is not likely to be mistaken for any of the other troubles. 

Bitter pit may vary greatly in its severity and the damage which it 
causes. Apples may show only a few small spots, or the lesions may be 
as numerous as the pits on the face of a person who has suffered a severe 



Fig. 39, — Section of an apple showing bitter pit and also moldy core. {After M oAlpirie.) 

attack of smallpox. Such names as ‘‘measles” or “smallpox” have 
found local use instead of bitter pit, but they have never been generally 
adopted. The affected apples are not destroj^d, but they are of poor 
quality and also inferior in appearance. The disease is of special concern 
from its e^ect upon grade or pack, especially when so much attention is 
being paid to the production of extra-fancy fruit. A crop showing bitter 
pit at picking time is likely to suffer deterioration during storage even 
though carefully sorted and should not command the price of the best 
ffuit. Rot-proditC'Ing fungi sometimes establish themselves in old bitter- 
pit lesions and thus invade the fruit when normal fruits would escape. 
No accurate estimates of the actual losses from bitter pit are available, 
but it is certain that the disease is of world-wide importance and is taking 
a very considerable annual toll. 

Etiology. — Although bitter pit bears certain resemblances to a para- 
gitic trouble, it has been definitely proved that no organism is assch 
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dated with it in a causal capacity. It is now very generally conceded 
that it is a non-parasitic malady associated with a disturbed water relation. 
In the light of present information, it is a disease of definite and pro- 
nounced symptoms, just as truly a disease as though caused by a specific 
pathogen^: hence the statement of Lewis (1916) may be viewed with 
surprise that “there is some question whether it is a true disease, it seem- 
ingly having more of the characteiistics of a physiological breakdown 
Even after bacteria, fungi, insects, mechanical injuries, degeneration 
from old age, varietal peculiarity and unfavorable grafting were excluded 
as causes of bitter pit, some untenable theories persisted, 'The one 
which rec^nved the most emphasis w^as the poison theory of White (191 1) 



i lo ^0 i ato afuLK bi.ter pit on Rhode Island Crcening a]>p!o { Xfter Brooks and, 

Fis,her ) 

and Ewpr ^912 and lat^T). It was at hrst suggested that the absorption 
of arsenical <‘o]n])ounds or '/ther spray nialenals thiough the skin of the 
apple wMo jospoiisiMe for the killing of localized groups of cells. This was 
modified later to the view that the toxic substances responsible for the 
killing of the colls were absorbed by the lool system and distributed 
through natural channels. This poison theory wav^ held to rather tena- 
ciously by its advocates, but it has not been substantiated by other 
workers Alpine and co workers, 1914-1915; (’’i a bill and Thomas^ 
1910) 

' r^ven with the agreement that bitter pit is due to a disturbed water 
relation, there has been no unanimity as to the exact way in which 
the disturbance operates While this is a difficult thifig to prove, 
the possible origin can lie better understood with a clear notion as to Che 
structure and funjptions of the normki fruit. The fruit, as well as the 
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loaves, has its own supply of fibrovascular bundles, along which water 
and mineral substance pass. These water-conductmg vessels enter 
through the fruit pedicel and are distributed throughout the pulp, but a 
very large number terminate in the peripheral portion of the fruit The 
pulp cells occupy the spaces l)etweeti the vascular network, and the whole 
aiiple IS protected by a suberized and nearly impervious epidermis, 
interrupted only by Icnticels through which there may be entiance or 
exodus of gases and through w^hich aqueous vapor may escape in the 
process of transpiration. Water and mineral substances taken from the 
&oil, and carbohydrates manufactured by the l(‘aves, are earned into 
the apple and distributed to the pulp cells The carbohydrate m the 
growing apple is mostly in the form of starch, but as the fruit ripens 
this IS converted into sugar. Dunng the growing period of the liiut, 
transpiration is very active, and large amounts of water are passed out 
through the lenticels, just as water is lost from leaves througli their 
stomata Transpiration is not simple evaporation of mousture but is a 
physiological process which will be affected by supply of moist me to the 
root system, air humidity, air movements, ternix'ratures, litrht, etc 
'Phere is abundant evidence that the tissues of growing fruits may suffer 
from drought injury (drv)ught spot or spot necrosis) when the foliage 
shows no signs of injury The highe»* sap pres'^ure of the leaves makes 
possible the withdrawal of water fioin the fruits under condilionM of 
water shortage. ^ 

An examination of the groups of dead cells in» bitter pit wall show^ that 
they arc* always closely connected with certain blanches of lla vascular 
bundles The individual cells are brown, devoid (>f sap, moie or less 
c()lla|>aed but apparently not niptured and contain starch grains that 
were not converted into sugar This presence of starch in the affected 
cells has b(*en taken to indicate (hat the changes which initiated the 
injury occurred liefore tlie iipening pmiccsses weie completed It has 
also l)e(*n definitely pn)ved that hitter-pit lesion^, winch iirst make then 
appearance aft( i the fruit is in stoiage, aie always located and the injury 
started while the fiiiit is still on the tree It is interesting to iio*e that 
in drought injuiy to ihv foliagi* of a plant, the first tissues to 
either at the margin of the leaf or at the ternuni of veinh'ts in the areola* 
of the leaf venation in other w'ords, at the ends of the watei-conducting 
\;es8els. This behavior is simulated in the location of th<* lisions in the 
bitter pit, th<* .Surface pits bcung at the fienphoiy of the water-conducting 
.system. 

Five theories^ have been advanced to explain the killing and drying 
out of the affected cells as the result of a disturbed water relation: 

** It ha« l>ecn suggested by Kuld and West that bitter pit inav be due to localized 
poisoning from the temporary accumulation of excesses of carl>on dioxide This is 
based on their studies of brown heart (see reference under Scalrf). 
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1. The Ruptured-cell Theory. — ‘‘When there is an extra rush of sap 
following on dry conditions, the rapidly swelling pulp colls at the external 
boundary burst the vascular network at localized spots, and the sap 
pressure^ which is sufficient to rupture the enveloping network, also 
bursts the thin-WTilled pulp cells at these partiouhir spots, and death of the 
cells ensues. Briefly, it may be stated that rapid allernationa betwf^en 
dry and moist conditions, combined with fluctuating lernixiratures 
during the growing stages of the fruit, is ihe exciting criuse of bitter pit^^ 
(McAlpine, 1921). 

Such a condition might be furnishcnl, for example, by active absorp- 
tion by the root system in a warm soil, while the transpiration is cheeked 
by low night temj>era1 uros. 

2 The Cru.shed-cell Theory- 'The affeeted e(‘l]s hnv'f* been killed 
by being (‘rushed by neighboring/ cells liaving higher osmotic pressTire 
due to their higher proportion of sugar^^ fHerl>ert, 1921). According 
to this theory if “thep is a sudden rush of sap into the apple, the cells 
which had their starch converted into sugar will swell to a greater extent 
and m(^re rapidly than those cells which are still sujrplied with starch. 
The rajiid distension of the cells is resisted on the oulsid<‘ by the skin. 
Their force of expansion lesull*:: in th(‘ iUiisfiing of those cells whose 
starcfli transformation is i>}ickw'ard ” 

It is the Mief of th(* exponents of this l}K‘orv that it is in accord with 
certain recorded facts which are oppos(*d to tIh‘ niptun‘(I-cell theory as 
follows: (a) the sunk(‘n character of the spot*- ih) the unbroken skin over 
the bitter-pit lesions; fc) th(* fr(‘(jU(‘T.! e(»nt!nua1 ion of vascular bundles 
through a lesion to suppl> iKumal tissue beyond; o/) the }>resence of 
starch in the pit eelN; and () ‘he gnait hmsik' stnaigth (<f celluUise 
which would make buisting of tlu* C(‘IK unlik(‘ly. ( >n the basis of this 
theory, it is suggested (hat iininunity or resistance t(; In’ tor pit might lye 
due to a uniform tiansiormai mn of stu'cli into sugar i hroudiout the fruit. 

3. The Starved-ccll i hrory. As a result of water shortage, certain 
groups of cells fail to receive suftieieiit mineral food and thus die from 
starvation. This miglit explain the diseas(3 during v(‘rv dr>' seasons, but 
it is not in keeping wath the occurnuice t^f th( <nnibi(‘ m severe form on 
vigorous tror's well supplied with moisture. 

4. The Concentrated CeU-sap Theory “In bitter-pit lis.^ue the pulp 
cells have collapsed, and the lirown flecks in the fl“sh«eontain much lesfe 
winter than the neigliboring healthy tissue. OvMiig to this loss of water, 
the acids and other const it iionts of the cell sap have )>ecome conctuit rated, 
and the amount of concent i at ion reaches a point where death ensues. 
The concentration of the (>11 sap is, therefore, in all probability, the 
immediate cause, acting directly upon the protoplasm, and it must.liot 
be forgotten that this concentration is inen^ased by an insufficient supply 
of water as well as by excessive transpiration^' (McAlpine, 1914-1915). 
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This theory was later abandoned by McAlpine, who placed first emphasis 
on the ruptured-cell theory (lOlfi-lOifi). 

5 The Plasinolyzed-cell Theory ~ This is really based on a “different 
interpretation of the conditions outlined under the *‘crushed-ceir' theory 
According to Came (1927), the osmotic pressure in groups of cells con- 
taining starch is greater than that in surrounding cells containing sugar, 
henc^ water is withdrawn ^rom the former, resulting in their plasmolysis 
and death. It is contended that the trouble originates in storage as well 
as on the trees. 

Predisposing Factors. — Acceptance (»r rejection of a theory does not 
alter the fact that cfrtain soil or climate factors or cultunil practices 
favor or promote the disease Many observationp ha\e been made and 
various opinions are more or less conflicting. Some of the statements 
are: Bitter pit is favored by (1) soils of poor physical or mechamcal 
condition, especially those that aie low in humus and have a poor wat/jr- 
holding capacity, (2) alternating wet and dry weather or very dry con- 
ditions followed by heavy lainfall, especially if this fluctuation ccmies 
relatively late in the seasem; (3) light irrigation during the earlv pan 
of the season and late heavy irrigation; (4) heavy irrigation Ihrough- 
out the season, but less than bv the variabU iighl and heavy irriga- 
tion; (5) light irrigaMon throughout the season moie than by heavy 
irrigation followed by light; (ti) conditions vhich bring about the pro- 
duction of a light crop of large-sized fruit or of oversized fruit in geneial , 

(7) heavy pruning or a system of pruning which throws the fruit pro- 
duction onto the main limbs rather than on vell-distributed laterals 

(8) fluctuating tem|)erature^' and humidity near the ripening perKul, 

(9) excessive transpiration or chnuitic conditions which cause a watei 
loss out of keeping with the available supply. W hen conditions, whetlu i 
natural or artificial, arc such as to promote a uniform growth from early 
spring to the ripening jx^nod, the chances ot bitter pit wnll be reduced to a 
minimum. 

In stored fruit, tlie <hhease will not appear unless it was initiated 
during the growing period, but if the fruit is already affected, the disease 
will progress most rapidly if the sbuage temperature is relatively high and 
will also tie favored by lluei nations in humidity and temperature. In 
Either words, it wall he favored by etuiditions which proiruite cell activity 
and retardctl by conditions wdueli delay or retard maturing or aging of 
the tissues, hence by low tempci'at ures. It is also stated that in some 
cases at least, the disease is worse on early-picked fruit than on well- 
matured or Jate-picked fruit (SiAith, 1926; Came, 1927 and 1928ft). 
Because of this relation these authorities recommend later picking as a 
preventive. In recent slu<he.s, Ileinicke (1921) has presented data to 
show: (1) that the lateral fiuits of a cluster are more'^Iikely to develop 
bitter pit than the central fruits; (2) that fruits on basal spurs are more 
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affected jthan those toward the tip of a branch; (3) that apples on weak 
wood are more subject to the disease than those on strong branches; (4) 
that there is a relation between Ihe amount of bilter pit at harvest and 
the seed content of the apple, affected fruits averaging lower seed content 
and more poor seeds; and (5^) that new pits whicli first appear in storage 
are more abundant on the large many-seeded sides of unsymmetrical 
fruits. 

Varietal Susceptibility. — The apple is the crop most seriously affected 
by bitter pit, but it is recognized as a disease of pears aiid quinces. The 
different varieties of apples appear to show different degrees of suscepti- 
bility. Some are recognized as uniformly and severely affected, othefs 
as medium in susceptibility, while others are only slightly susceptible or 
almost immune. According to snme leports, varieties viiy susceptible 
in one locality are reported less susceptible m anntlier region. In North 
America the Baldwin is conceded to be a very susceptib]< , if no^ the most 
susceptible, variety, but in some states of Australia it has been reported 
as medium in susceptibility. The Cleopatra (Oillc^ ) and Northern Spy 
pit very badly throughout all the states of Austndia, and iht latter variety 
IS listed as among the most susceptible in America The Stayman is a 
very misceptible variety, especially in the Pacific Northwest. Probably 
the great majority of our best commercial apples are eUher very suscep- 
tible or modervlely susceptible to the disease, so that litU relief can be 
expected from the selection of resistant varieties, but hope has been 
offered that pilproof varieties of liigh commercial value may fc)e obtained 
by ihe crossir'g and selection of liable and mm- liable vark ' 's. 

Control. -The effort of (he ordiardist must be directed, first, to 
providing growing conditions wnicb will reduce the incidence of the dis- 
ease to a minimum; second, in case the lr(>uble has develc'ped, to the 
retardation of its progress in storage or n transit to market. Experience 
will soon tell whether the ije miftieiently fr^'queut and serious in 

any enviroimient to call for careful atlenuon to control measures. It 
seems to be 1 rue that niany of (uir best sections for commercial production 
are especially favorable for the pi(>duction of bitter pit; hence in such 
localities the growi^r must constantly be on guard and follow those 
practices which are known to be of va* •' The complex character of 
the physiological disturbances which initiate bitter pit^make it at onf 
evident that no single practice will give adoiiuato protection. The 
following practices should be the guide in so far as t hey can be put into 
operation: (1) Try to increase *he fertility of weak soils by the liberal use 
of manure or by the use of a cover crop suited to the locality; (2) follow 
cultural practices that will tend to conserve moisture or that will insure 
as even a distribution throughout the season as possible and that keep 
the soil well aerated and thus provide favorable conditions for the nor- 
mal root activities; (3) avoid crowding of trees and overbearing of fruit 
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and also guard against light settings of fruit coupled with extra- vigorous 
vegetative development ; (4) practice a type of pruning that will insure 
a crop that is evenly distribute<l over the tree, with the retention of the 
laterals for the bearing wood with minimum fruiting on the main axes; 
(5) avoid heavy pruning, as this will throw the root system and top out 
of balance and consequent!}" may modify transpiration and the general 
water relalion of the tree; (G) follow a well-planned system of thinning 
of fruit, not too great or too little, as undersized or oversized fruits are 
more prone to the disease than those of moderate size: (7) in irrigation 
farming, give special attention to the amount of water used and to the 
lime of application, avoiding ovenrrigation or iinderirrigation and 
i'rpecially heavy, late irrigation. The relation of irrigation to bitter pit 
IS summarized by Brooks and Fisher (1918) as follows: 

Heavy iingatioii throughout th(' season has given less of the (iis(‘ase then 
medium irngation followed by heavy, and light irrigation throughout the season 
has resulted in more IntUr pit than heavy irrigation followed by light. Heavj^ 
irrigation tlie first half (^f Ihi' '^ea‘^on caused the trees to develop a more luxuriant 
foliage and probably produced a lower concentration of the coll sap m the apples, 
both of which facts would tend to make the fruit less susceptible to th(‘ forcing 
effects of late irrigation. The amount of irrigatiem in August and September 
has apparently largel} (letormined the amount of the disease. The result^ as a 
w'holo point to the harmful effects of lu‘avy late irrigation regardless of the size 
of the fruit 

(8) Avviid too early picking (C\arne, 1927 and 19286). 

With the recognition that bitter pit will bi'como more pronounced 
during the storage period provided the fruit was affected at the time of 
harvest, two courses an* ojk'h to prevent loss. (1) early marketing to bring 
the fruit to the consumer U-fore the disease has had time lo develop to 
serious proportions; or (2) n'tention of the fruit under transit or storage 
conditions that will pievont any fuither advance of the trouble. At tem- 
peratures of 30 To 32''F cell activity is reduced to a minimum, and conse- 
quently hitter pit can make little further progress, but fluctuations beyond 
these limits should be prevented. By the proper use of refrigeration, it is 
possible to send apples around the world with little danger of loss from 
bitter pit. 
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Carnb» W M, PirTMAi^, A and Elliott, II G The present po'^itjon of 
the bitter pit problem in Auotraha Proc First Tm]) Hart Conf London 3. 
37 49 1931 

BLOSSOM-END ROT OF TOMATOES 

The tomato is affected by a serious disease charactenzed by a dry 
rot of the bloisom ends of eiihcr p:ieen or inatunngT fruit In some of 
the earlier studies of the trouble, ii was described as the rot, black rot, 
fruit rof, point rot, dr> rot m drv-weather rot, but blossorn-ond rot has 
been name in niost giniral use in recent tinies Bloss^uin-end lot is 
preferable any ot ile other nanus since it cjives the b( st f \Dression of 
the nature of the ir ub!( 

ffistory and Geo^rA’'hic J[) ^trihutioti Tho h!>t can l;i sti (i\ ^ t!uv ft n < 
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n and i I i i m Init oi i«Knd tl fonn^ r Jis »S(. i « i ui*'i ot lii* rot 
and the latter is i n ^ { irni n i i * in rh dNo’-prini^ tion i f th ♦ it 
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rnbuted ^proi hv < w ^ f i n <1 1 n iitin ked it b mi * 2 ; ( t >i< loiirn ind 
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Sm(( the s(ss( lidjnt t s< Mil t<> hf din to ispfMiic utmo is p itboti;Mi» ^i1 w ^ bit 
natimil that in\ i stig il<iis ‘•boubl turn to hft< tona m rbo i i i il i^Mits Po’liMn id 
Dehrrcir It id rnadr sm h i su^^r -.tioii is eailv a IS91 hut in Fnrlo i poiUcl 
that ‘ tut result of lutin'* txtvnPinj. o\tr the p ist > a* ^rs il tuM la t u (putt t r 

tainh p o\ < d that thi d <♦ is bar t* ri 1 not il, n« ri;< rsi m* 1 hr Hiov th t 1 in 

undcU iminr <1 spt ( ir ^ o H i ill is Stu irt m Inrl in t n ui )‘'0 tti ibntr d Uir- 

dwfa-^r to a ^iiuilii I t trinl pit Mitt Th< hHuiul origin of Iht disc isf oUp 
^X)rtetl h\ tilt jn\( ‘•'it, itir ns of Ib/alntl Smith (PK)7/ h »t sin {o (omludttl 
that a •'iinilai mt tt>ul(« h i^nustd i> bhsonum solani woikinji nid inMhnt tit in 
other organism \f^M woikinp with tl< distn-** for Ihvtar Stono fi^Ml) stair v) Ihit 
the woi*k of Miss Smith bail hr ( n r pr ilttlh v rifir d in his 1 ihoi iior\ mtl gn t nh nist 
Tho fungous oiigm of lit uim isr was igain dfftrubrl 1)\ ()\tii ( w o altnbutf'd 
it to Fnsarinm eiub* < a** I \ <n i nttutb is mi { (Trotnrwrgr r ii it to the ton 
elusion that tic thstas 1 thu taa bacttrul p irasitr wine) ht cbstrihttl is ntw untW 
the namt of PhytohotUi bfiojHt ills t out lusions, likr» Ihost of pre \ lous woikers, 

w rt based on the rtsult** of mtx d ition'^* In a (*ireful p«*' s tl of the \ trious •>iTidHS 
yvhich clum a buliriil ongin of tht disrase, thr t ritual r< icb r will nt'lt that tht‘ 
conclusions vvtrt. diawii from \tr> mconiplete eMdenccs 

During tht piogrt s of these earlier invt stig itioiis, Home stienti^t^^ had failed to 
accept theieoiulufeions as to the parasitism of any of the ahsociaU'd organisms, he Iding 
to the view ‘-that neithtr bactena nor fungi are the causal agents This view was 
supported b> the cart ful studies of Stuekey (1901), who determined that the blot ^orn- 
end rot 18 • non-infectioua disease, whuh ‘ can be controlled, if not entirely prevr nted, 
by keeping an abundant supply of water in the aod.” These conclubions were corrob- 
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orated by the cpicful work of Brooks (1014), who eontnlnit<?d addilio’ial data eon- 
f er!ung the etiology of tlie di«itahf* It is ot uiton»st to no+e that lat r studies showed 
ilu h'lnsinission of t ither resis^anee or ausee ptibjlitv to blossom re t from parent 
to p.ogdiv (Stuckey, 1910) As a result of these later m\t3Ugitions, it se£ma to be 
(juitf gfn^alH arrepUd that the distab*' is of a non-parasitic charictcr It has, 
lu^N^t'cr, belli buggesud (Rovnolio, 191S) that the disease '‘ib dut to iii organism 
piobduv^ uli»‘iinu ro^cc pu wIikI iriftd it polhiiutioni time ord\ ind causes the rot- 
ing an i to i murgi urdil si»' h tiuic as the phyjiological processes of maturing have 
k\ njr< d tlu coniposjt oii ot fiuit so matn that further ii veding of the tomato 
li'-sue s nil lo^ible for the oigimsm ’ Tl b must, however, bf regarded purely in 
tin hgliT’of u hypothesis 

Symptoms and Effects, i he first evidence of the disease is generally 
tin ijipea p *e ot a dark-green, water-soaked area at the base of, or 



f io 41 niosaom-ciid rot of tomato in well-advanced stage, ehowmg charaotenstu appear- 
ance { XjUr btuckey ) 

‘^urroumling, tht^ rem nns of the style. 1 1 is watery spot is quite similar 
in ippeaicince to watci-coie spots in apples The mirtal area may be 
jUst aiound the style or vsomewhat ri'inoved from it, or it may cover the 
whole blossom face of the fnut ttl the same time This watery area la 
confined to the portion immediately unijer the skin and docs not involve 
the tissues to any g^^at depth even after the lesion has I3?ached son^ 
size The affected tissues cease to grow, the dark-green, water-soaked 
area turns to a lead i.olor or brown ami the spot becomes flattened or 
even sunken, while its color may be deepened to almost black, although 
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IhfTO is variation in the <inpih of color under differiiiit coridilions. 

The < rouble jna>' -ippt'or on very youn^i: fniu.M, although it is frequenlly 
not much in <'Vhi<mce until they arc an inch or more in diameter. The 
l(»flion nny increase m size with the growth of the fruit, hut ii does nor 
advance any -d ier t hf' fnnt has 1 urned red. d"he affected area is generally 
nearly circular in o\itliue and may neeupy only a small portion of (he 
hhvssom cMfi, or a maximum of nearly on<'-half tiie total surfa(M‘ may be 
involvf'd. d'ijc {lis(‘t>lon‘{| area may b< unifonn throughout ami clearly 
nu^rked off fnun t sui j oumiing mamai tissue, but the ad^alu•ing edge 
frraiuently imoked iy a narrow ttarker zone. In soTue cas{\s, a sbght 
coucaudne zoTiatiiJii may app('ar within the ]('sion, due t<‘ varying sliad(\- 
of brown, it is a eorrumm thing for tin* ripening id I In* dls('a^( d fruits to 
lK‘gin at (lie [lenptiery of a ]esi<»n and advance toward ttie steiii end. 

The affcaded (issue is firm and more or It'ss leatluTV in th(‘ t>])ical 
deveh<,omenl of lle^diseast* and after it. has dried down lotiks as tlc/Ugh 
it had bemt s(\*'n d with a h(>t ij-on. ^ Except m t tie case of ii vvy\ c^arly 
and severe on^rj of dis<’ase, the fruit will be crirried to maturity, but. 
the ripeTuiig •ei'ssf's will be mon^ or less hast'cned. In slight attack-' 
which ajipeai Icle in tlie gmwtii of the frail, iht'ie ma\ be no fhittensriL 
jf the affec{e<j ;ir'(‘a, which apjX'ars more like a s<‘ 0 'rthcd <»r seaided spo" 
In the imtst sindu mfecuotis, the blossom end iciay tx marked oni^’ a 
slight ^curtine^--. undiT Mie ^’kim 

According (n lb'o<>ks Obll): 

IMi-' )i;'-'t .•ih'ct- t'i the di.-e.tse ;u'- not 'vhv.iV- siu>erL{’ia] I'mit liiat Mppi-.u^ 
eutirciy ijonu'd (ron\ ;»»; r?,tta*!*.i] view 'iten has tiic tr-Ui' of '''e\'rr;i). i>r soriietinw ' 
Jit!, (jf (t- ^‘o;! -md htickera'd ni ifa purs acaro*-* 1 hp i>lo son* 

in sf)i;u' i-a -o' tisr i’lt.enia’ condO-KJri is .‘t^'C'nuj'anied ov a \'(T\ aii‘*ou i>un'ae 
doprcS'iun <if Mip ^urt’a(e tLs*ue :t or Uy a siunll vutTi'i -‘-'i.ik^'d ai '.i on t h( 

surrouaUiiid pud'acp. 

lbid»‘» ccMaUi envuonmentHl Munlition-- e-peeiall\' 'tj moo' 

humid regions, (In^ normal >ymf)tonis of 1 tx' disease* may modifasl 
the cntr'iuce of b'lctemi or saprophytic fimgi I'hv dark co'no' of (he 
icsuui may bt* inU-nsihed liy the preseut-n of a se.ot;y fungus, and lie* su}x*r' 
ficial d-^'Yciopment of ih, organism may give a dark Yt‘lv(*{> a.jqxairance 
to the afftadmi ourlitm ll was the- condition wiucli suggeste<i tlu* (xarly 
name of '‘ hhu'k rot whe*ii was applieci to tlie di.M*ase. Tb(* iesi(uis may 
sometimes be iiivadcd by baeituia, and a .-tiekv exudate* m:i\ be in evi- 
dence und« r moist con<!dMal:^ .-oncVliat similar m appearance to the 
baeicnal exudate so < hai act i rpi ic oi hre blight it was tliis comlition 
^whhdi led Carle i IhUO) to m.akc h,- studu's b\ wloch In* (i{‘cide(l that the 
bhi^fSOin-cml r(‘t was a sjHcitic l>.“U‘ternii disi as^. Vanou-* bacbu’ia or 
sa'or iphytic fungi may gain an en I ranee through tl^e affected tissues and 
aocqlme the dcstnmtinn of the maturing or rqK fruits. 
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? \on plic:}ith affected fruits <fre nimed for marJktl purpose^, Pince the 
t r 1 u niandp freedom from blemishe^^ The affect ^d fruits are injured 
(oi ia me consumption onh^ to the extent that the issues are blaekene^d 
oi roUed,*sinee Iho bd iiiCc of fnir i sui^ ible for labk use 'ihe Jofeses 
liOM blosson vJid lot m be \frv slight, T\hile in exticrnc c I'-es pracli- 
iIjv ni tniiK f p m M he nunc I 1 he di‘^ei'^e nny ippt ii wnhequd 
Si veid^ n the K'ld or unde i at iss 

ftiotog> l‘( Nosscn-cnd **oi of the t(iTuit( j j iion-inmc tious 
dist i‘.r ( u(. I filusii; )^Tj( d ih injrpnicuu whnh result^* in The death 
ot 1 • piotooi 1 in I he e lu t" pn ^Pi/od <s wd hi n t lie gr<)\^ •ni^' fruits. 



i < » » fi n f >mi( IS aITh > * h Ikh Sf' II f 1 t jl '>(>* f 


loli( \VM* l)v (tillipsi liiMMg lud dis(.oh m( M I lo [0(iu(t \ ^ mhh* 1 

unite nojMib dc^ij-inod di\ o)( i IiTm pud i n ?(;o^niA( 
in v\ iu( h hitt n i + ulf u ♦ ii 1 (u ii i un t # 1 > ,s< | m v de j 

^ I ( u h H \ f d « H r I 11 ^ >n on o 2 i‘ \v d t m 1)U< 1 U 
l> (t(Mi j 11 iU j)i )]■- NM H n i<d \iii<l MMTfud obi jd((jinr< 
T 1 rh vviilvif t th( { lu 1 ► 1( pf(siu(-d \ ( >ru » of tlu tiopbh 

’s \ I ( 11 |j II I'^il u dis< I < ruiui ( d * \ lu ( pi I 11 It n 1 < ru M( nuu nt v 

fictvirs In till lu 111 ii piiMin iiiion i it ii>ii I uii nis str mgi ihd b\ 

I ihiues iTui i\p#inuntil U ibu siuntist s[u old hi\i (onMrci^ 

th(in<il’\f ill 1 <}i( dim s vv liu to i it hi r furij^ o» out‘'Ti 

Mil tost n ih^ coiiilusivf cMdinu n support of < ii prt si nt i onci p 
of ihi dist isi was *yTordfil b\ Uu woik jf‘*'liuki» mit limpli fj8/l 
B> im d oultures, eeitaih bo ni* i^i Idid fiv n typical bto^ 
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som-ond rot lesions, but in no case was it possible to produce the disease 
in typical form, by inoculations, although some rotting occurred in cer- 
tain cases Inoculations made by introducing diseased tissue from rotten 
fruits in*o healthy fruit or by the Ube of bacterial exudate also failed to 
reproduce the To tCvSt still further the possible part of a patho- 

gen*\ the deea3^ed areas from fivf' fniits 

. we^e cut out unci ground in a inori.^r with ‘'tenle ‘=’harp ^and, until tlu 
rotted jHateiial wa^ cuJ tine This n)ivtuie of sand and rottui tomato was used 
to inoculate fifty Inuts The inoculata n-) weie tnade by takuic the material 
on a sjiatuia and nihbmg the tip )f thi fruit untj) tliL skui was considerable 
abraded Th< treat incut wa*- considered capatile of producing more injiUi« n 
tu the skin than eo lid f\eT occur in nattiO' also it '-eerned to lo, ^liat ^ there 
was in the rotten areas atiy pathogenic f^rganicm- it fungus antc’-obie bac- 
teiih or icteria ri<»t growing on aitifuiai jt shceild la ii t^odcced into 

the f>kin iiid flc'^h of tin tomato in a much gTv^ater degr-rs than could e\«r hnki 
place in nature The fruit ripenc‘d without tlic dc\elopm?nt of a single ca-o of 
rot (^hirkeu and Temple, Pill) 

A few year^ latei, BroeJes (1914 ) made a study of the or gamsms .^hsoci- 
ated with blossom-end lot ('ultaics much from earlv stages of ihe 
disease invarmbl}^ failed to show t)ie prcsMice of any e.rg inisnT luit 
‘^fungi and bacteria were often obtained fiom culuires of later Mspes of 
the disease These included a hactenuin ami n specif-, of is>(h of Ihe 
following fungi iVnieillium, Macnsspo/ium and Fubanuin All oi thc'sc* 
organisms were tcv'-ded by inoculations 

Th^' rt suits iKoved that Pemcilliijm and the bacterium were unable to prorluc i 
blossom-cna rot and tliat tlu (rouble d' loped 1 > i usarium and M aero*' [iMfi urn 
were ditTo^'ent from the disease in questioii 

The possible relation of an en/yine or virus to the disiiw' wu'- tested 
by making liy|H)dennic injections of filteied exlracts vIim .is( d tit.sue 
into nonnal fruits, but negative results were obt uiied in .ill cists 1 his 
would seem to discredit the theory later presemed by Ileyn dds i i918) of 
an ultranncrortcopic oiganism 

Ot the various environmental faetors which may have an effect upon 
the incidence of the disease, the water rehitnui is the most important 
As early as 1010, Selby observed that the rot in greonhoUvSe tiunatoes 
could be checked by a thorough w^atenrig, and various (4hor wnlers 
agn*e that Uie disease was most T'^valent on light soils during hot, dry 
v^ather. 'fhe effect of soil moisture was studied by Stuckey (1911), 
and on the basis of field tests in which plots were subjected to different 
moisture conditions it was shown that the ^‘rot oif the irrigated plots 
was very much lower than that <in any of the others; and the more thor- 
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oughly the irrigation was done the less the rot.' In later studies by 
Brooks (1914), the disease was 

. . . produced on vigorou*'^ plaots by a Rud<ipn decrease in the available water 
.supply, but other factors than vigor and dryners na^ e been Hhown to he of imjxjr- 
tance in deterniming the oceurr(‘nee of th« ti It result<d from the 

wiltiiKr of tiie plants onl} when liieir photosMitlietir and inetal)o!ic pro(*o.sst^ 
were in great activity. It hat- been produced nnieh more n'adiiy and unifuniiiy 
by an excessive water supply than t>v a scattt oi \nt**nnittt*id one. Plaitts re^eiv- 
ing a moderate supply of water Imve devdopeO far le^- rot than either lightly or 
heavily watered ones. 

In thi.^ connection, it is of interest t(' note that blossom -end rot is 
rarely -erjous in certain regions in the Pacific N<;rtli\\e.st in which llie soil 
moisture is n oderate and gradually siiii*.*^ to m very low level during tlie 
gr«Aving scMson. Vndir such c'^nditions, plants mav suffer from water 
shortage with little evidence of blos.s'aii-end ro< From the experiences 
in other st etions or with tomatoes growm unth r )rrigalu)n in the open or 
under glass, n sO(*ius that w'ator short ulh after a jxTiod of 'plenty is more 
favorable for th<‘ disease thfoi a ehnuue w'ater shortage. The infiuenca 
of luviyy irngatu»n in the d^velopimuit of the disease is bebevt^d to be 
“due i() the developnamt of harmful buimc and ammonium compounds 
at the expense of the nitrate eoiitenl of tlie soil.” With this interpreta- 
tion of the results, fhe lieavdy watrierl jdaiits might be considered as 
growing under eonditimis smnewdnd akm to drought, the large amount 
of loxic substance iirescuil increasing ihe wader requirenuuits 

FlTects with fendi/ers are somewhat corifiicting Stuckey and dVin- 
ple (1911) state tial “thrre is laithing in llu? use of nitrate of Soda or 
.stable manure to uuTe.aH' tlie toiuh ney to rot,” while Brooks (1914), 
working under urcenhouse conditions, st; es that 

Incrra-mg the anKumt of inaoure nen*asad the n.t in all Tlic coidra'-t 

was greater on a sandy loam tluoi on ela\ It e\ lUent that ipplying the aint)unt 
of manure often roeomineiid'Ml ffir nie<‘nhi>UM- Uiuunire to ni;ike one 

third or oric-half tin' bulk (»f tie* soil) may gnatl> meie»M' the disi'aso and that 
heavy aiiplicatious are still more mtious 

It was also found that , with bUTally w’utered'plants injhc greenhouse, 
potassium chloride inerease<l the disease, while lime and sodium nitrate 
decreased it, but these relations did iiot hold true under field omidition.s, 
when plants were subjected to drought. In this case, potasli did not 
increase the disease, lime had little tendency to decrease it, while nitrog- 
enous fertilizers favored its development. Contrary to some of the 
general beliefs, experiments have shown .an increase in the disease as a 
result of staking (Stuckey, 1911), with 68.4 per cent of rot on staked 
and 20.7 per cent on unstaked plants. This has been interpreted as due 
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io the morr rapid drying of Jhe soil in the staked than in the imstaked 
plots. It has also been shown that the disease may be increased in 
anie)unt by raising the soil ^einf)erature, and this would suggest that 
the disease should bo less in those {(»efddies which have relativeW -I nv sod 
tein{X‘rntures. 

Varietal Relations. “ in th<‘ tests winch have been made, no varunie.^ 
of our cfunnioii t<*rnato {Lyaype^ nmvi ei^< idenlum ) h.ave j)ro\'fwl immune to 
blossom-end rot, bill marked v;iji:^uions m susceptd)ility have [►een noted. 
The eherrv Kutialo fA ), th(‘ p<‘ar t* mato (h. pyrfLfnru^ and 

the currant tomato (L. ffirnpni('lhj>)lntnd hasT bom reported as imimine 
'The variation in sus M^ptihihl v n jMu->lra'ed hy b tests of 2G vaneta^s 
repi>ried by Stuek^^^ and 'Fempk* >11)11', langinc fnnn i \ per cent of 
afI(*ct(Hl fruits in <loM Ihdl, a sne^tl, wiTdihs- vcrnlv, to ^i2 per cent in 
Dwarf Stone It is (‘ueouraguie to iinie Mi.»* such a \ahi.Mbie vain tv as 
the Marliana is amonti; the ri'M^taiit lh>nu\ v as 

reported free from the disease* during a singli* test (lb- loks, Ihl 1 < It is 
a little difficult to determine eranparalive rcustaiuT under tr‘l(l condi- 
tions, since date of frudma \ai!‘ " andudl vani tas nvn not be ^JibyaUed 
to the causal c<;ndU ons at tin eiitieul ^'^ta^e iw ditur grouil. \f. parent 
resistance may rlierefoie be due to Inavv tnuun'r befon the onsri o| 
drought or to laU fruiting aftcT ^he tr\inu .onditnm- ha\e bfen p.<s-,ed 
It is ;he belief tiiat certain f)hvM<‘lo»^ica! "hc)ia(hr or slruetures which 
make for or against susceptibility an transmit ti'd fnan ]>aieni to olT^J)ling 
This IS ha’-ed tm Itu- ri‘suit> obtained with vn -^e*^ betwian (he cherry 
tomato and the cornnion garden foim. wimh ha\e '.Imovh Inali n 
in both the first- and s(‘Coiubaen(*ra1 am fU(;genv li -till m In'lJn^ tor fiie 
plant breeder to de\eh>p inunuju* varieties trial will lx of good and of 
high commercial quah* v 

Prevention. Tin- eariv b» lu-t hat blo>^ an <md lot was dm .itti,'r 
to fungi or bat'ena nannaliv led i.» tost v ni pi i\nii: a im^tliod of 
control, if ^fi^ayung is < f my vaim, it mu'-! bo dm- t( i’<>ntiol oj m-i . t 
jx'stws or to impr.>vemerit lu tla grmial T)ll^'-^oioJ^Mcal torn' of tfu- pl‘mt, 
possibly', through modii'eatum ot ti nispii.p mn. 'The reoili'- hi\t been 
somewhat conflicting, atxnO an equal nundx i ol w )rk< repm'tmg for 
and again-^t the value (f '|;raMnr At pitstua ii <^1 em^, hiiwi'vei, bi* 
the general opinion that 'piaMiig of lede vahie in im vanlitig iIh* 
disease, or in rVducmg it to the h vc'.f aimaiTi', t he follow log po'ut'^ 
should serve ,is a guide 

1. rforuf reli('f may b(‘ v>b»aimd b\ tie --eh'eimn of vt»'iete^s that ^diow 
more fir less re.^i^-tancf'. 

2. Overvigorou^ plants shf»w more -^UM^ept ibilit v !«• tlie diM'ase tluui 
[Ilanis which are making a slower ami !('■'-> luxuriant (h'veloprmmt 

3. A continuous umfoim growth i> moif' likely to give fn lalom^ from 
the di'« as*e than fluctuattng or intermit tent urowtli 
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4, Shortap:o of moisture at the critical tune in the (ievehtpineni of'the 
nut i>s (mo of the most import anl causal factors J 

5. Excessive walerinp may increase the rlisease over that 

shown by plants which have received a moderate supply 

{}. Heavy applicatiori.^ of barnyard manure have increased the dis 
ease, especially in certain ^\)ils 

7. Idle relation of artifusal fertilizers iu llie fliseast' is somewhat 
variable, and ])ositive recoirmumdat r- >ns are unsalc. 

S. rhe disease is increased by laisou/: tla* ^oil <enipfn*anire*in green- 
house culture. \ 
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'.'•Mil I« Mppfnr." ^f> hf Mtrd 9\ hiuli tcn.jicru I ’K( mimI mav hiimnl)tv, 

Ajtll du' Im ;i' V flcilijuut «>I1 ! i l', PITs Kit, .M i PcjlT' lllltck 00(1 

■iOfi it- rf’iiitMui to xlilTerfTd I’/Mdstf)* ks Pr>H. Antt't.Sur. Uuit. "^ci. 24! I39- 112 
192S Tm.s. \\\ P. ^^D n^vis, L. 1>.* llr'tl fiid or M:u‘k (mmI ' of ])c;srs in 
Ciilifom.;! . /V/)C- iVfi.sh. Stale Hori d '.‘‘'■•frf' 25: Hks ilo. • 1930. 

Blossiom-end rot of tomaUK" (Scf .■>f)onal tTpatmcal, pp. 114-121.) 

* ValloHu ffini Johnson (Kf'nt /iV.s- Btil 281, 1927) have .sa^^M.stod dud flrongtd 
.TjK/tj cork .lud bittci, pit (»f ajipUs and bioh -.fsin-f nd rot of UiinaPv’s an' duo to a 
nitrogen «tMrvahoii of tho affecti^ lissiie-s. 



122 MANVAL OF PLANT DISEASES 

Cork of apples AffcottHJ fruits show internal brown, dry, spongy or corky patches 
wbuh or may not l»c evident hv cxteinal in »'gulantips (see Fig 43) The 
\ambilitv of th^ symptoinology and tne stud> of th<se troubles m widely 
soparjlt <i hxalitieH ha^ c led to tlx use ol such iiairif s aj * malforniAtiOtfi/ ' diy 
rot ‘ ^ork spot, ]»unk\ disease, ' hollow apple “cnnkle ’ and confluent 
bilur j»tt Mi\ A J Cork, drti ^ght spot and nlated disease h of the ipplc 
A > {fiitiun) \g^ Exp S*i Bttl 426 : 473-522 101b also Baoi k«i 

and 1 iMii K, HiiJ 1 isHi- R under Drought Spot 
Drought spot 01 spot necrosis of apples and prunes, -Diought spot of applet ina\ be 
caus< d ► ^ i u<id( n ano piououm * i sheur tg* of wati r following a nurniHl supply 
earhir in the ^casern T(suH fig in t* foiiui+ion of large, imgulu, BonHwhst 
dejjress* d w iti r-^o ik#*<l h lon^, gcnirallv neai the c <1 v end !ii prunes it 
appears brst is a watfr^ ‘po* Ixrnatl th^ ‘•kui foMowed })> d gcnerit) m of tin 
affected tissue with ih loiniation of giun whuh rnav biiut the skiii tnd oo/ to 
the surface Brooks, Cjiarieb am* Fihhfu, D T' lingalion t\ptrniunr-< 



Fig 43 1 < ic bs sertion of King appk affected with corix showing bit) wn ^oi kj, tissue 

tear the cuie ii station of a York Imperiai showing pockets and brown corky i issue 
oeiicath the surf u c dc presaion t 4/fc7 Hrookb and Ft ther ) 

on apple spot disiusea Jour Agr /?<•> 12 1 -10- 131 1918 Fi‘^ufr, I> J 

Diought uid r late d phv8it»logKal disc asc^ Proc Wash i^taie Jlort ^s\(k 

16 35 ^>9 1920 

Hollow heait of potatoes Cl «iraet< n/cd b\ an intern il split or t ivilv r* sidling froUx 
rapid growth induced bv in ahiitidanct of moisture t nd tfxxl mate n il Mooiti , 
H C I uiiher studu*' of pot ito hj9ow Ik irt Afich Agr I Sia Quayt 
Ihd 11 2(> 2t 192S 

Internal decline of Itynons (Endt* iro Onrac ii/mI h\ ui intcrml nccnin-s and 
d( struf tj )n of lisjut b usu ilU it the t^l^^lnd ficspunth beginning u the qran 
stage orfht il cr stage bd bcfoininj. espcxmlh inaikid in tin tia ixpc or yellow 
stigc HAuiuonoMEW, E T, BAiuaiT J T and I awcftt, 11 H Inteniil 
decline of 1 inon^ I Aw(r Jout Bol 10 (>7 70 lb21 - InU rnal dc chne 
of It moil', • 11 Xmfr Joui hot 13 117 120 19‘2d 111 Ibttl 13: 102 117 

1920 •and Routuns W J 1\ Ibid 13* 312 3M 1020 V Ihvi 16* 

497-')0S 192S \I Ihii 16. OIS 501 192k Iawcvtf H 8 Endoxt rosis 

or internal decline of the h mem In Cdnis Dist asi , anfl Their Ointrol, pp 
421-426. McOraw-Ilill Book Company, Iiu , Ne w \ork 1920 





DISEASES DUE TO UNFAVORABLE WATER RELATIONS 123 

Straight head of rice.— The heada develop slowly, rc?nain n longi-r than normal 
and stead erect when normal heads are drooping. The glumes oi oOier parts of 
the iufloresceiKje are aborted, distort'd or porfeel, but eomplrte flowers stdl 
rcmaiiJ# sterile. The disease can be preventtHl by pr*)p-T r{»n\rol oi tbf' wat<‘r 
Tisdalk, W. 11. AND Jenkins, J. W,* Straight head of rice and its control. 
U. S. Dept. Agr. Farmers' BuL 1212 : l-lb. 1921. 

Water core of apples, - This trouldf characten/ctl by the presf*iiec of gliissv or 
wab'ry areas in the flesh or pulp located near the core or CAt'Mubng oii» t^iward 
the surface. The glassinoas n^sults from the filling of the jnterceHiiLtr hjiaci's 
vith cell sap. O’CIaua, V J,* Studies the water core o( apj)le. Fk^iofMiih Sr 
121 12S lOl.*!. Kisueu, 1'^ F Water core I*roc. H'us/: Slxiif Uoit A^s(fc. 

19; 98 104. 192.i Bno(»K«<, akt> 1 1). 1' core ot applet:. 

Jnui \gi. /iVs. 32 -228 20<) 192(), Kishkh, l>. F , Hahli*’!, <). P. and Bhookp, 

Or The iuthierice of tcuiipi rsiure on the de\ elo{)inent of water core. Norfkue'^i. 
Fry it Grower 3 . 11 1981 

White .»pot of alfalfa. Two types ot lesions characterize the disease: H) localised 
spotting and (2) marguiul injury Both tvjie.^ may he 'o seven' as involvr 
the entire leaf surface An unbalanetd watiu r«lation hiduced by irngation is 
thought to be the (»nncip J cause^ Imt liesvy ruinfiill following drought irciy be a 
'■niitnbuting <uc<or Kk uauds, B L • White sped of eJfalfa and itfi relation to 
nngalion 19. 125 I4l 192<^ 
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DISEASES DDE TO IMPROPER AIR RELATIONS 
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l<‘^honod or its free c'rculatK'n impc'dH, a^phyxiatum of loot^ is i fairly 
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MAl^VAL OF PLANT DISEASES 

oi appies^ l^iis been the center for some of these recent ‘Studies (Ramsey el alf 1917; 
Fislier, 1920; 

Sjrmptoms and Effects. — Scald is characterized by the discoloration 
of the skin of stored fruit, the ctdor varying from a faint brown tint in 
mild cases to a pronounced brown inv(»lving the entire thickness of the 
skin in more se\ere cases. The scald appears first on the lighter surface 
of the fniit, where it is most severe a^id spreads until aU or a large part of 
the surface may be involved, depending somewhat upon the maturity of 



i« 44 — Common scald of apple, (Afttr Biooks arul Fmhcr ) 


I he fruit at the time of st<n'age, Gieen or undercoluuMl »skiii is the mo^l 
susceptible, yellow of moduim MiM-eptibility, while d»'ep red is genenlly 
the most resistant. 

In the vor;y seven ca^e‘N, tli<' ( utire ^k^l H>eT e kdi 'ct ?tnd soni( tlni''^^ l)r(»keu 
down to the extent that it will sknigh off readily (rnrn the flesli In some 
instances,, the b< cc'ok^ dead and brown to a de])th of ‘ ^ inch and the dihoa^e 

takes on tiie appuiraiice of an appli rot; but true rot UMiallv spreads down into 
the fleeh in a more or less eo-neal shape, wdiilo scald is usually diffuse, spreading 
over a largo area without having imith depth (brooks, Cooley and Fisher, 19‘JO^ 

S(‘vere scald^iuny Ik' followed by physiologicid decay or internal 
breakdown, which may uuolve much of the interi(»r. The scalded areas 
are soon invaded by rot-producing "ungi which find the dead tissue^ an 
easy avenue of entrance and thus.complete the wairk of destruction 

"I'he symptoms described abovt have aornot lines been d(‘signated as 
common f superficial or hard scald to distinguish them from amaher trouble 
of somewhat different origin Known as soft or deep ^cald (see p. 138). 
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In both common sCftH and soft scald, the injured tissues may be invaded 
by Cladoijpuriuin or (»thcr fungi and l>ocome spotted with black. 

While scald may appear in common or home-stored fruit, it is of most 
concern a disease of commeicial s^^orage or of market fruit 

Scald may appeal on apple?^ wbnp *t/I! in commercial storage, but it is only 
after they ha^e l>een moved to the ^armei temperMtun of the market or the 
home tliat it n^akes nio^'t rapid dexolopmenfc Apph'S may appear to be in 
j>erfect comlitiop up^<n from ^UiTage ami yet a f da\s later have their 

market \alue reduces ir» to :U) per cent or more on aeon ^nt of rhe development of 
scald, A disease that mab* s ich a "udden appe^'^ane4^ at a time when the apples 



l> Snlt Si Ha a <»1 ix^yr iper Whitehou i, ' >on f i t '‘it H 1L2 

aie r* n for cot ^nmjifion ]» a \t*r\ di^turbi li cF 'Ct urion market 

opoi'iti T's Mitmg in heavy i<'sv( if ndmn to Im it rlistid ution ai^d decrease 

consul. iption fjirooks, ('oole} and I nJh j 1')^^ 

Jl iiao born stated llial ueukft reports show that scahi 

(Mu.es iilru'sl ns mucli l(Jhs >0 too uijrk^d as blue niolij lhirido€*sno( 
take into nceount buent scald ih • appi irs later, boiue the total h.sst's 
are piwbably bmher lhan /lom n\ iilui u.aiket lioulde. Apple scald 
causes losses or hamlicaj>s to I he ppio iTHlu‘'trv m n t-ui d)or of v ays: fl ) 
by depreciation in pruc due to aitnd onurrenre of the or to 

anticipation lo^- from i(s hk- py .spoilage Vtore tins fruit can 

reach the consumer, and by ro'dr, 'ting purc!ia-es wle^n scald is likelv 
to develop and (bus affecting rnaiket nditions and lessoning total 
eoiisumption 

Etiology. Apple scald is a non parasitic or physiological disturbance 
due to the production, by the tissue- of ripening or aging fruit, of volatile 
esters which have a toxic effect upon the tissues if conditions are such that 
they accumulate in the tissues or in the.surrounding air. This conclusion 
IS based on the fact that typical scald can be '^artificially .produced a 
days' time by exposing apples to the vapors of ethyl acetate, amyl 
acetate or methyl, butyrate" and on the protecting effect of circulating 
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uii or of ‘«nf)>.tiijnoos wiijfh < in abwh tho e vohtilo products and so 
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temporj^tures until it more nearly reaches the best or optimum degree of 
matunty for cold storing'’ ^ Whitehouse, 1919) 

Stagnation of the air is conducive to the development of scald; hence 
piling apples in large heaps, close ranking of containers, use of tight 
containers or storage in poorly ventilated warehouses or storage rooms 
will favor the onset of the disease If delayed st(»ragG is necessary, it is 
iinpiirtant to proMde conditions which will give the best i>ossible circula- 
tion of the air, by this mean*- the uicidence of the discaise will be 
delayed when the fruit goes into cold stoiage. Th(' in;p(>rtance aera- 
tion in the storage room is emphasized b\ the fact that scald is often less 
in welt-\entilat('d eellnrs and Mir-c(K»lnd storage roome than lu commercial 
c<'ld stoiage The circulation of the an i" the important fiMture rather 
than the introdiH‘tioii of fiesh air It lias betm noted that apples near 
the ai‘*'l(‘s oi (h)()rs of a Morage room are less atfecled than tho^-o in the 
center ol t lu stacks C'r v\ding m a p<»orl> ventildcsl room wall give a 
largo amount of scald, but it, ni arldition, tight containers an* used, scald 
\m 11 be sull furtlui incoMscd It liis been ‘-hown that apples in venti- 
lated ])arrf‘K, ba'^kot*- <)i liampers scald much less than iuiit in tight 
bane’n (he dilTtience l>eing due in part to the more rapid cooling in the 
ventiidiled pack iges bid rn unl\ to the free accesj* of air For this same 
reason, boxed apples scald h's^ than barreled sii'ck, unless the boxes ire 
stacked too tightly to permit a circulation of the air. The eaily pari of 
the Stonge period, ? ( , the first 6 or 8 weeks, is an especially critical 
lime in the storage lib' ot the apple, and during this penod good aeration 
and ventilation are essential It has been shown that scald is increased 
by high humidity of the stora'^e room, but the ventilation and the 
tem[Krnuie have more inlluence The maximum amount of scald will 
d*-v(‘]op in immatuic fruit from hea\ily uiigiled <ur hauls, packed in 
uu\entil:ded containers ;md 1 h |<j at high <emp<’iatou* m liuuiid, poorl}" 
verililnt(‘d sttuage rooms 

Susceptibility of Varieties. Under unf*i\friblt < udiuons, scald 
may occur on almost any xaiu'tv I'f apple, bui uitain v;,rjetier> are 
cspc^cially saseeplible It generilh agiusl that gieto ar;d yellow arc 
Uiore susceptible than red vanetiC':), altlmogh in some led varieties the 
disease becomes of eommorcial importain-e. Partially colored fruits 
scald mainly on their green oi yellow surlaec. Beach f^id (^lark (1904) * 
report Grimes, Mann, Tolrnan Sweet, Winter Banana, Yellow Bellflower, 
Uhode Island Greening and Green Newtown as the most susceptible 
yellow varieties and Baldwin, Gano, Missouri Pippin, York linpenal and 
Wiiiesap as the most susceptible led varieties, as a result of their storage 
^^>tudie8 in New York. Whitehouse (1919) lists Grimes’, MammotTi 
Black Twig, Sheriff, Northwestern Greening, Whllow Twig and less com- 
monly Winesap as tlie principal varieties on which scald is commercially 
important in Iowa. ’ Other varieties which have been listed as especially 
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susceptible are the Rome Beauty, Stayman Winesap, Wagener and 
Baldwin. 

Prevention. — While the scald of apples cannot be absolutely pre- 
vented, it can be held in check to such an extent that market losses can be 
nearly elimiiiatcd. While some few practices have proved of outstanding 
value, the progressive fruit man will give attention to both preharveat 
and aftcr-liarvest factors. The following control features should be kept 
in mind and followed as closely as possible to secure the production and 
marketing of a high-grade product: (Ij Allow fruit to reach prime 
maturity before picking, and follow cultural praciices to produce the best 
cplor possible for the variety. Avoid, especially, undermatured or over- 
stimulated stock except for early consumption. (2) Avoid delayed 
storage of apples that have reached prime maturity, but if delay is neces- 
sary provide for free access of air during the prestorage period, and pro- 
tect as much as possible from the direct sun or high temperatures. Hold 
immature fruit until it approximates prime maturity before putting into 
cold storage. (3) Store fruit as quickly as possible after picking, and 
reduce the ternfM'ralure proinjitly. As nearly as possible, maintain the 
temperature of the sti)re(i fruit at 32°F, and the relative humidity of the 
air in the storage room between 80 and 85 jaT eenl. In some localities, 
certain varieties like (he Yellow Newtown, for example, may require a 
slightly higher temperature (30 to ‘40^’) to prevent ‘'internal browning.^'* 
(4) Arrange for as thorough and complete m ration of the storage room as 
possible, keeping in mind that the m<>vement of the air is more important 
than the introduction of fresh air. (5) Avoid the use of tight containers, 
and provide open stacks in the storage room. The use of ventilaU'd or 
open containers helps to retard the appearance of the disease. (6) Prac- 
tice wrapping of the iruit, using special oiled paper wrappers. Experi- 
mental tests have shown that ordinary paptT wrappers greatly reduce 
apple rots in storage (Powell and Fulton, 1903) and are of some value in 
the prevention of scald (Whitehouse, 1919), but almost complete control 
is obtained with the use of the oiled wrappt'rs as reported by Brooks, 
Cooley and Fisher (1923). 

The control of scald by means of oiletl wrappers might secern to be in contradic- 
tion to the principles of scald control develojiod under the subject of aeration. 
It was pointed 6ut, however, in the earlier discussion, that high jicrcciitages of 
carbon diovido tend to delay the ripening of the apiile and to decrease scald, 
while high percentages of the odorous gases thrown oil by the apple ar(‘ injurious 
to the skin of the apple. The oil removes these odorou.s suiistanccs by absor})tion, 
in the same manner that butter and other fats take up various odors, and the oiled 
wrappers as they come from the package arc heavily charged with the various 
odorous materials thrown off by the apples. T he oil also has a checking effect 
upon the life activities of the skin of the apple, slightly drlaying tlio development 

^ » See 17. 8. Dept. Agr. Bui. U04, 1922; also Cal. Bid 379, 1923. 
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of yellow in the ground color and probably at the same time checking the develop- 
ment bf scald. 

Two other methods of using the oil have been tried: first, coating the 
skin of the apple (Brogdcx treatment), and, second, scattering shredded 
oiled paper between the apples. The first method has sometimes injured 
the appearance and flavor of the fruit, but since the perfection of the 
Brogdexing machines this defect has Ijeen largely overcome. The 
second, although less efficient than the oiled wrappers, has been found 
well adapted for the control of scald on apples packed in barrels, hampers 
or other containers of the unwrapf>ed fruit. 

The inovst impijrtani of the control practices are (1) the storage at low 
tem(_>eratures; (2) the use of oiled paper as wrappers or in shredded strips 
scattered between unwrapped apples; and (3) coating the skin of the 
apples with oil by the Brugdexing process. By these practices, scald is 
reduced to a minimum. 
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BLACKHEART OF THE POTATO 

The potato is affortod by a number of diseases marked by a discolora- 
tion of the interior tissues of the tul>t'r, hut one of these internal iieen>ses 
which causes a characteristic blacktuiing of the center and sometirnes of 
more external parts has been called the iilackheart or, less freiiueiitly, 
heart rot. Internal discolorations of the tuber may he caused by cither 
parasitic or non-parasitic influences 

General Types of Internal Tuber Troubles.- The principal gnaips of 
dist^ases which cause internal necrotic areas and tiieir import. ml charac- 
ters will be briofiy presented : 

1. Decays duo to the actiem of eitlicr bacteria or fana;i, including 
blackleg tuber rot, slimy soft rot, fuTm;<*us rots caused by various >peeie^ 
of Fusarium, jclly-end rot, a soft »vatery rot called leak or rnelters, late- 
blight rc/t and some others of minor cons(apicnc(‘ 

2. Vascular discolorations fre(|uently followed })y decay, including 
bacterial wilt or brown rot wi t lie soudnuai slates, hu^anurTi blight caused 
by various Fusaruan species and \ erticillium will. Tn all (liree troubles, 
'the initial tuber lesions are in ^h(‘ nature ol brown discoloral ams of file 
vascular ring f'sfiecially at the stf m end, while a lister jihase in tlie nature 
of a rot may be induced by the advance of tiie cau-^al organism into t issues 
adjacent to the vascular ring. 

3. Minute discolored areas below the skin which aecoinpany a knotty 
or irregular surface, characteri'-tic of the attacks (^f the root-knot nema- 
tiVile, or eelworm (see Nemaiodf* Diseases, f 'hap. XXVIII) 

, 4. PViloem necrosis in tlio nature of a ntdwork of brown strands 

extending throughout the flesh of the tuber, especially of the stem end, 
one of the tulier symptoms of leaf roll, a virus dise.ise (sei^ Chap. XII), 

5. Non-parasitic troubles, including .simple .^teni-end lirowniiig of the 
vascular ring; internal bn^wu spot characterized by brown spots scattered 
throughout t^e flesh vif the tuber (identieal with “sprain'^ of I’inghsh 
writers and “Runtwerden’' or “ Eisenfleckigkeit ” of the Gormans); heat 
and drought necrosis in the nature of a yellowing aijid browming of the 
vascular ring and the more external tissues; sunburn or greening due to 
e>T>omire- to light; sun scakl, or the killing of external tivssues from expo- 
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sure to intense heal and light; freezing injury and frost necrosis, evident 
as ring, blotch or net types of discoloration; hollow heart, or a central 
cavity lined by dead-brown cells; and blackheart, the subject of this 
section! It should be understood that a given lot of tubers may show 
more than a single internal disturbance and that non -parasitic lesions 
like hollow heart, frost injury, sun scald and blackheart are frequently 
invaded by bacteria or fungi which find the dead nr injured tissues a very 
congenial substratum. 

History.- While tho blarkh<*ait of potatoes has undoubtedly boon a cause of 
loss foj many >oar.‘>, it whcs not rccoguizod as a spcnHc troublt* to uhicli the name 
blackheart was applied until the work of Bartholomew (1913, 1915b This trtiublo 
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was first bnaight to the attention of plant pathologists by its appearance m severe 
form IP carload shipments (yeeurring eithei wlule in transit or jw>on aftei reaching 
thru destination. The e\p<Tirnce of shippers that the trouble was (^uc To osrer- 
heating m transit was confirmed by the studies of Bartholomew, and this was accepted 
as the so](‘ cause until tin jmblieation of the bulletin by Stew’art an<i Mi \ (1917) on 
“Blackheart and lht‘ Aeration ot Potatoes in Storage/' in which the disease w’ss 
shown to be of wdde occurrence and the result of a deianged or deficient respiratio;i 
influenced by temperature ind the available supply of oxygf%. More r(M.'ont!y, a 
chemical study of the blackheart the potato has been made by Mann and Joshi 
(1921), and Coons (1924) has given jpedal attention to the injurious effects of the 
disease upon seed stock. 

Symptoms and Effects. — The appearance of tubers affected by bli^ck- 
heart is exceedingly variable, depending upon the exact conditions under 
which the discase^has developed. In one form of the disease, the tubers 
may appear perfectly normal as far as external characters are concerned, 




134 


MANUAL OF PLA\T OISEASES 


but when cut in two they are found to show a browning or blackening of 
the interior. The discoloration generally arts at (he center and pro- 
gresses toward the outside, causing either a star-like radiation or^a more 
uniform advance. If the inciting condition operate for a sufficiently 
long pt^riod, the blackening may advance until it reaches the surface. 
The blackened tissues are in sharp contrast to the normal flesh, smiila’’ in 
consistency to normal tissues or more firm or slightly leathery if they 
have partially dried. This character should distinguish the lesions from 
those of either leak or black rot, which are simihr in color but soft and 
watery. In some cases of blackheart, the discoloration appears in the 
form of zones surrounding the center, which is normal or only slightly 
discolored. In blackheart of recent origin, the center will be solid; but if 
of some standing (10 days or more), the shrinkage of the diseased tissues 
will cause a central hcjfiow surrounded by the black tissue. 'The extent 
and the character of Ihe blackened tissue will serose to separate this 
phase of the disease from hollow heart, in which a growth cavity is sur- 
rounded by a narrow zone of brown, oxidized tissue. If these blackheart 
lesions advance until they reach wounds, rot-p»*oducmg org.iaisms are 
li.vcly to enter and continue the work of destruction. 

Another ty|>e of the disease may first be evident as mf>ist are is on 
the surface (“sweat”) This may be followed by a shallow, brown (j^is- 
coloration over areas of varying surface extent, frequentlj^ more notice- 
able at the bud end of the tuber. This condition has be^'ii dcbcruied as 
surface breakdown by Kotila (1923) as follows: 

The first '.yniptom«« are observed by the grower 3 or 4 iiiontlis after tlie date 
the potatoes w^ere stored, when some tubers in the bin )jow on their surlaceo 
slightly sunken, round oi irregularly shaped spot> varvuig lu siz(‘ fn»in ^ tx> 
K inch in diameter The borders of the ^pof^ ha\c a blurh or gunipetil hue 
Upon cutting thesf* Minken sjiot'' with a knife, it i^ found tiiat they aie fuiiv '^kin 
deep, and, except if r the thin brown layer ol dead cells honeath llie sk’u, n^) 
rotting has progressed into the tiibcr This surface breakdown is the so-eallcd 
“button rot” of the trade, tint it is not a true rot of the tuber d ^le pitting of 
the tubers b/'come.s more pronounced as the .•■eaBon advances and, w itli 1 he coming 
of warm weather in the sirring, the most sevi re symptoms of b’^eakdown are setm 

If conditions continue favoriWe Ic ibe disease, internal discolonitions 
of typical blackheart, will also appear, if affected tubers are cut Icdore 
the inciting cause Vas been acting too long, the flesh will be nc^nrly nor- 
mal, but later it turns pink on exposure to the rt.ir and then gray bla».k or 
purplish to coal black. Under unfavorable conditions, even fairly early 
in the season, many of the affected tubers will bt invaded by either 
bac4;eria or fungi, and heavy losses may result. 

The potatoes affected by blackheart, which are not invaded by rot- 
nroducing organisms and destroyed, are sometimes wined for use as 
table stock owing to the extent of the internal discolorations and are 
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rendered unfit for seed purposes. According to Stewart and Mix (1917), 
potatoes severely affected with blackheart may produce apparently 
normal sprouts, and these investigators state that such tubers are unfit 
for seed but that slightly affected tubers may be planted. Coons (1924) 
emphasizes the undesirability of affected tubers for seed purposes and 
presents evidence that they may be the cause of the ragged appearance 
and uneven stand in many potato fields. He attributed this behavior to 
the “ bacterial decay that destroys the seed pieces before the young plant 
has become established in the earth.’* Later studies have shown that 
germination, vigor and yield are inversely proportional to the of 

blaokh^^art. 

Etiology.-- The first studies of black showed that the blackened 
tissues of affected tubers were free from any orgamsms, and therefore 
the disease was believed to be the result of a derangement of normal 
physiological processes due to certain environmental factors. It has 
liecn shown that blackheart is really due to an asphyxiation of the tissues 
of the tuber due to lack of sufficient oxygen. This lack of oxygon is 
much more likely to be effective in causing the trouble at high tempera- 
tures when the life processes are speeded up than at more moderate 
temperatures, but under these less favorable conditions the disease may 
develop jf Uie tubers are not sufficiently aerated. It was first shown by 
Bartholomew (1913-1915) that the disease could be artificially produced 
by subjecting tul)ers to a temperature of from 38 to 48®C. for 14 to 48 
hours, 42 to 44°C\ being the optimum. It is significant that this opti- 
mum temperature is very close to the temperature range for maximum 
respiration This treat inenl produced the typical internal discolorations 
tliat ha\e been the cause of loa. n numerous carload shipments. Even 
Ix'fore this e\|X"rimc*ntal p^oof, it was the belief of shippers that the 
trouble was due to overheating in transit Total >es shipped during cold 
weather must be protected from freezing b'jury, so P ha-^ been the custom 
to use cith(*r refrigerator cars iicated by wood stoves or special cars with 
automatic heat control With the stove method of heating, the regula- 
tion of the temperature is impossible or very difficult, and cases l)f over- 
heating are not uiicomnum. In 1914, the writer inspected a car of 
l>otatoes at Atlantic t^ity, N. J., that had been shipped from Maine in an 
East man heater car .<nd foun<l that the entire carload was ruined by 
blackheart The automatic temjx'rature control had fa/led to function, 
and consequently 4 he car was oveTheated during transit. There are 
also plenty of cases on record in which the disease lias appeared as the 
result of overheating potatoes held in common storage. ^ 

It was accidentally discovered by Stewart and Mix (1917) that 
excluding the air from potatoes, blackheart m'ly be produced at tempera- 
tures much lower than those employed b5'' Bartholomew.” This led to a 
more detailed experimental study qf the air n^quirements of the potato 
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during its storage period and emphasized the fact that a ''considerable 
volume of air is required for the well-being of potatoes The first work 
with tubers in sealed jars showed that '‘within a certain length of time, 
which varies with the temperature and quantity of air available, tubers 
confined in hermetically sealed jars” develop the first symptiuns of sur- 
face breakdown and with later exposuie t(> the air the external discolcra- 
tions and the internal discolorations of typical blackheart 1 he length 
of time lequired to pn^duee the symptoms was increased with the expo- 
sure to lower temperatures, but the blackheart developt'd even at 4()°F 
after 23 to 40 days when the volume of air was equal to the volume of the 
TK)tatoes It was also shown that tubers may suifer from insuflieieiit 
aeration due to deep piling and that under such adv^T^e condition‘d they 
may l)ehave essentially like tubers in sealed jars “Thev sprout leebly 
or md at all, l>econie moist on tlu‘ surface, discolor externallv upon expo- 
sure to the air and are often afteited with blackheait inteinallv ’ It has 
been claimed that the injury resulting from poor ‘leralion is due lo a lack 
of oxygen and not to the aeciimulation of carbon diovid#^ ci\en off in 
respiration, but blackheart has been produc(*d artifici ill\ in C\>o-trce aii 
with an abundance of o\>g(u /li.tvis, 1926; hroin these studies and 
general ooservations, it is ceitain that blacklu art hiurul quit^ frequent l\ 
m common storage Heaviest losses have Ixcoi iej>orted dining sei^oie 
of bumper crops, with the cic/W^ding of po(*rl> \entilMted houses, e\(ui 
though tlic temi>erature was Ik Id ai Kr or below 

According to ]hirtlK»loinew (IQlh), the heated oi a‘-pliv\iaU <1 tusues 
of the ti.ibt*r develop an incnaised amount ol the ji<»indic ainiiio irid 
turosni The en/>rne li/tosinasf is present also, and tlu iiiUiaf tn.n of lli( 
two losulls in the formation of a ]>lack precipitate, which ha^* berui called 
"melanin” or " huinin The blackening oi the tissues is due, then, to 
^^1) the increase in the amount of the chromogen u rosin in free form 
(2) the access ,tn unusual amount of oxygen, dm to the killing of thr 
cells, and (3) the accelerated action of the oxvdizing en/vmo 
As a result, the* affe trd tissur s uncle rgo a sc'iies of coloi r h ingr*s i ingmg 
from lignt pink (( coal Mick Vccorcling to Dims <1929), tiieu an 
aceuiiiulation of ('c> and i diplcdion of o\vg< n m the* tissues previoiK to 
the appearance of I lie thscoloiation There is a high i expiratory acuvity, 

* and exchange of ga'^es fails to keep pa(‘C‘ with the respipitmy rate 
Tt IS also stated that u*rn}x*ratures above 38°(' mav have a diieci 
effect, since this is (he crili(*ai point for the maintenance of normal 
water relations 

Prevention. The recognition of blackheart as clue (1) to exposure to 
high tempc'ratures during storage or transit lo market or (2j to crowding 
in poorly aerated storage rooms should at once suggest the methods of 
prevention It should be emphasized that tempe/ature control alone 
during the storage period with no attention to aeration is not sufficient 
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Probably first attention should be given to storing the potatoes in 
such a way that they wili oe uell ^^upplied with air, and it should be 
lemembered that the higher the lernpciature the more the need of a gocwl 
cuculation of air Stoiage in dt'op bins or in continuous higii ranks of 
sacks IS likely to unluce blackhcait As an insurance again«t Us develop- 
ment, the potatoe.' to be held toi b months or more should not be piled 
inoio than 6 feet deep even \\lien the stoiage U'mpiTature is held around 
k)°F , or, in ( ther wonb, no |K)tatoes should be more than 6 feet from an 
ojxm-aii spare If the stoiage tempi nxture is likely to range»from 50 to 
70 ®h foi longer th n 3 weeks duiing thf st(,jago pi nod, no potatoes 
should be moie tlian 8 fret tumi an oj> n-aii spare "ru increase the 
storage rapacity o^ a given tlooi spu‘e, Ldse tio*u'‘ and wails to the bins, 
with .paces between, mav In pio\i hsl In sack storage, spares betw’cen 
ranks of sacks will acmmphsii the same lesiih^ A\ith these airange- 
ment- and with inlets foi fresh »t )<1 <»utlets fo! f< ill air, bl ickheari should 
be pTC\tmted unless i\w potatoes an exposed to Kbn(»rmal leinperaturos 
fiom aitifirr 1 heating 

] ven with the beU pnnnKin fo» vciUilition, the tt inpc raluie of the 
fui or ot th(‘ storage io</in sh<*uld a >i be alUM\c i t ^ go (uei , and in 
luatf d ( U‘ it will bf lies! t<; hold 0 at GO^F or ]< wer 1 (»i fuither dat i 
fin tne rniniinum tcniux rUuies [x^rniissibli , set 1 rost Ninrosi- (p 172) 
Potatoes should not l>e !e*t long in m>iI aftei the \ines ue dead, it in 
a region tif high soil temperatures, ncUher should thiv be h'ft lying long 
in tin lot sun *iftcr diggimr ("‘re should also be taken not to hold 
fleshly cut pot ttoes in la»'ge piles blirkhoait ma\ di \el(‘i) under such 
roiidilums 

Reit I ence^ 

B \hi iioi (oii n } 1 HI I klu iiw 1 ] »i »(<)('' 3 ISO 1013 

\ { oil )l<)gi( il iii<l |>|i\ 1 S| i( k) J 111 nl ltd t Ikfs {'en 
tnilhl hf n u In tr 43 (>00 <> { 101'> 

s I F ^\ Mil 1 ('* \M) JM i\ \. ) HI If kh^ ot iiid t !»♦ il 1 j 1 jf)n (tt j) )t ^ ( s jii stor 

\ ) (O M/(i l(/ Pkp Sa /) 436 'JJl 3h2 1^07 

M \N . H H \M) Jo'^H M V ( )t niK il stuio of ^ ki lO rot oi * St klo ot "o* 
j)ot iif> Honthnu D( })t If/ Hul 102 1 IV IS’ I »-*l 

1 h* sU>i ij/t of j) a ito s HI M kill irt »ot )1 pot « oi s in ^lo fhid 102 

St SS I<LM 

Koiu A ) L T ill iiid tMi t( r t tn if [lotOoi^ Hn il floaii Miri \qi A'jp St i 
Quivt Hnl 6 9 11 IMii 

( ot.Ns 1. Il Hif lOv of }>l It ktu lit p< t Ooo'. for s( ( fl Micf^ \gf hrp Sfo Ontiyf 
Hid 6 ISJ 1S4 19J4 

»Sh ‘M*<) v \i ta M M>Ji\K ( K K (''laOrol 1 1 [»ot Oo t tidi^ta^'t^ L S Dipt 
Iqr Hul 1367 1 ^7 1924 

lUwi T\ ,I 1* \Ni) H \uiHOi oMi \x , F 9 91o nspiritiou of ]K>ta^) tuIktv in leU- 

tioii 1o tin of ( unont f* of 1>1 It khoart ( nl \qr Eip Sta Tecli I^nptr 14 F-35 

1924 

D^vis \\ H Hhv^iologit il in\i“5tig moil of tin ]>li(Kheart of ptitato tiibtr Hoi 
(rii2 81.323-338 192b 
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Important Diseases Due to Improper Air Relations^ 

Blackheart of potatoes — (^xo special treiitiu nt, pp I ^2-1^7 ) 

Black leaf spe^-k of crucifers, fhib is i liseasi ot cabbage, cauliflovvir abd other 
crucifers whch ipiir irs during ige and transportation to mirkft Ills 
( haracti rizod b\ **01 dl leidgrf\ to bl <k specks Neison, R Storage and 
transportation H disiasis due to bovidation \ftih Agr Eip Sta lech 
Bui 81 I IS 1927 

Button rot of potato — Shalloiv xuifici pitting caused by death and disiccation of 
areas of lurlaic tissue, froqu(ntl> followed by Fusaiium decin Neison, R 

IjOC nt 

Red heart of lettuce and cabbage Hi art li i\< s ot lettuce di ''elop a dci p < hestniit 
blown lolor and ibbigi a t\ pii d n d color Niison R Lor (t 

Internal browning of the Yellow Newton apple This diint xp[>( irs in lolil ^to igi 

its biov\n '^tii 111 tin pulp ridnting outw ird troin llii tinlir It ( losi h 

»el itt (1 to sf dd OviKiioisiu 1 lijWiNKiiK A T amiImob H I 1 ai lors 
mliuencing the d( \ i lojinu rd of intern d brow i g m thr 'Vdlow Niwton ipph 
Cal \q) I j S 1 1 hid 370 1 10 102 , 

Brown heart of apples and pears Pus <b ( iv< } is ( uisid lu a\ v looses in Au'^ti ih in 

shipments to 1 ngland iiul is nlnbuti 1 to tt» ixus >f i irbon dioside m thi 
hold of dn \<ss(l utomf)inK 11 a \ low < ? (oiuintr li in IxpiiiirKiits 

hiv( shown lint tin ding r ’nut >f nb(>i\ dioM h is lowir \ Inti thi t( rn 

pfratun isl)W,lhus i i m ntnlon f < in m diov.i I w hii ’ Nillhivi t o i Ifn t 

at highf i tt iiprtitun il Usc Ij n la iit d lowii t iiipi r ituio‘' K i>d 
r AND Wp'^r ( Hi jw ii Ft rt if Mont' li « t t ot ipph *> md p» irs IJiept 
Siierdijir Ini s ho ( Inutififiin hi {Loruhn S )auil Rt p 12 1 "il 

1921 

Apple scald (V })i 1 1 ill u itnu nt op 125 1<2 

Soft scald of apples Soil s( dd auks Mom m 1 xits ^iiuhorliss uio^^stolirg 

inas Ihd ''onutim ^ iin hidi m ul\ I hi wl u urlnr ol thi lopU It m i\ h 

(ompiiid 0 thf • ffi ( Is produi 1 M i jik lung or lolIing m ipph op a Itol 

sto\( til ’^inipU h lini d r I ngir s M dr 1 a n skin an I h ool ( d ippiirinii 

of tin dbctidtissi r l'\tr\Mnili i.Ii^liM I In xi ihh I u rMqninlK 
foiin 1 lore 01 li <1 g tid tiiiisn si li ion or pi uli n nr guln pattirn 

A tioidth lisigTiiMdK \\hit(h II I )lO) is Sir hi )\ n 10 ^ is ipnintl 

xofi s( d(l . g 1 ) 1 )ii id iM Him Hnmnn mlWidtln 1 tnlinlirK 

susnptilili Sod ill 1 i o1 fOTitioH d 1\ >il 1 \\fi( but 1 i I it gri dh 

n du({ d I (Ill Hr »go \ in d rni nt Ui il 1 10 f I uuP \ iiium li i i p n k ? g 1 nl 

I old loi ig M f III \ Old I islii I 10 11) rill pr (1 K ^ m ol soM d M di I im 1 
p ii king lollow mg h \( t ng li tot bi i n nl lull it d i)\ j t ^ t sIs h\ (Ik 

anti or I i^-iii k \) 1 C^ii Si ill ) W mum i \\ I s dd '' II \k 

1 1' A ( H \ \1) 1 isut u n i \ ^tijdv f till ml mil i 1 o^-ph ii ot tin il>pl 

m H 1 uio 1 to soft dd I 1 '' l/i ho*' ifiijt SM 27 *71 275 19K) Hiud 

ID Jhi’ ontr^ of sofi c dd Iht h ut 26 12 i03l 
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DISEASES DUE TO HIGH TEMPERATURES 

The life of n plant is a complex of physiolofrical processes which are 
(»|)eratiiip, according Xo chemical and phyMcal principles, absorption, food 
manufacture, diu:estioii of foods, as-imilat ion, translocation of food, 
lespiration, tr.ansjjir.p -on and minor lih* phenomcma vvlech lead to j:rowth,* 
maiiiten*in(*e of life and r(‘f)roduct’ ai. \]l rif these life processes are 
iiiHuenced Iw ^he temperature t(» wduch the plant e\pr»sed and this may 
Ix^ illustrated by the ndation of temperature to p,rovvth. lafe is possilde 
(jniy wathm the limits of certain i^unperaturc's, and f^rowth hah an even 
narro’vVer temperature ranp^o. 

General Temperature Relations of Plants. TIuti^ are three ccndinol 
in the temperature Kdatioiis of an> '•pt'ci'^^s of W ml 

1 4 fnihtrnuni lemp(‘rature or decree of v\ann!h, at which j;»rowdh 
^'i-t hc'^iius 

2 An (yptinuud b'lnpera'ure, at wliuh the ^oowtli is mo«t rapid. 

*> A marnnum temperature, beyond vv)u(‘h kt(»wiL eeasc's 

As the temperature rise's from th* minnuurn, tin ^jowtli is f^radualh 
increasc'd up to the optinuui', wlulo beyond the optimum the p;row1h 
hecauiu's slower and '^Iciwer until ^’le mavimum i*- O'ached am! it ceases 
Life may continue' below tho m ir' m». pi -^ma body passinj? into a 
(old rigor, but death nun residt if ihe ten , verdure' div»]>s loo low, i.c., 
1) low ilk fiuhininnnoni or, attain, ihe olant nuay sijivi\e above ihe 
uiaMmum growth teniji^Tatun tlu' livin’ Mib-x’ance ex' in a ^'tate of 
ficdt •ig<'r\ hut succumb A tlc’ (('oiperal are ]>ecom<'s too hi^h oi’ is main- 
tained fo” Lm) Itmy a jieriod : b(»ve I lu supTamaximi'm. khm-e every 
physiological process has its own cardinal temp* injure plants, it <iias^ at 
emee be ajipaiemt tie t thriftiness of gtowtli and f»”()ducti\ 'iiess of a crop 
v‘ire inHuenced b> the tenifXTatures to w m^-h it is exposed d he* various 
c'rgans of a ])lant may hav*‘ ddku'nt caitMuil ponds’ hemee innts iTei> 
suffer injury when vc'getalive paMwS»*scMpe uaharnsd, o’^llowefs may Ix' 
burned by tempc latures that oause no nijury to i 'avc^s 

Tcmiperature is one of the facte iv 'n tlie climatic complex that plays 
a, U'ost impeutant part in the natural gu^wth and distribution of plants. 
In addition to being exposed to the viewddude? of climate, cr<)p or culti; 
vattd plants are subject to the intervention of man, and »'onsequently 
tiiey are frequent ly»lorced to attempt their life processes under uncon- 
gemal tc mpcratuics and other unfa vot? hie environmental conditions 

139 
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The temperature limits for growth lie, in general, between 0 and 50°C. 
Some growth may take place in certain plants at, or even slightly below, 
the freezing point of water, while some fresh-water algae that frequent hot 
springs may actually thrive ai temperatures of 73°C. or slightly higher 
Even our common crop plants show marked variations in their cardinal 
temperatures, as may be illustraled by the appended table of cardinal 
points of growth 



Miinmuin, 

1 Optimum, 

1 

1 Maximum, 


degrees 

degrees 

1 degrees 


( Vntigrade 

' Ontignide 

j Oetigrwle 

\Ylat(^ niusiard {Smnpu^ allm) 1 

0 0 

r;; ^ 

28 

Garden cross [lAjn'Itum sativamj 

1 8 


28 

Barley {Uoidemri batnum) j 

5 0 

^ 2h 

37 7 

Wheat {Triiuuvi vnlgan) ' 

5 0 

29 

42 5 

Goni (Zva matn) 

9 t 

1 .W 7 1 

1 4G 2 

Squash (CiuvihUn i<pp ) 

14 0 

31 

1 46 2 

1 


Types of Heat Injury. The principal types of heat injury are 
retarded growth and undersize or failure to mature the Hower- and fruit 
(2) localized killing of tissues or a sunburn or sun scald of lea ves,v flowers 
or fruits; (3) localized killing of stem tissues or the fonr'ation iff heat 
cankers, (4j defoliation or preinatuie shedding ol haves, (5) prematun 
npenirig of fruits; and (6) death of tli^ plant as the r(‘sult of a general 
heat necrosis It sliould, of course, lx recognized thit the high degi(‘e^ 
of heat aie frequently accompanied oy inien^e sun^hlne ami i'xtienies of 
drought which intensify the injury J)eath of cells from hi'*h tempera- 
ture results when there is an irieparable destruction of t^'o molecular 
?tructiJT(‘ of the cytoplasmic body. 

The dwarfing effect of high temperatures nay Im^ s, v*n in the growth of 
our common garden asters when planted in the Si>utl‘ In legions where 
the summer tern peral ires iiverage 95 to lOTl*' , thej may pioduco a,n 
unbraiiched stem 6 or Id inches high with a single flower nid over an 
inch in diameter, as contrasted with the thrifty, br.inc^ giowtli VMlh 
numerous chrysanthernuin-hke l!owe»'s tliat are normal in the mote 
temperate climates of the North 

I'he writer is inclined to attnbut(‘ certain wheat failun‘s tliat have 
been obsetved in the Pacific Northwest to eaily seeding combined with 
abiionnall} high tenifieratiires Ji has been obs^Tved that under certain 
conditions, winter wheat that was seeded about July 15 to Aug 1 either 
made a very poor growth and gave a reduced yield or failed almc'sl 
X ntirely Ivntire fields of such early seceded wheat have been noted w’hen 
the plants that did come through the winter inadt a sickly, chlorotic, 
stunted growth and produced few or no heads This' permanent ^^lunting 
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apparently results when the young see<llings are subjected to tempera- 
tures which fluctuate slightly above or l)elow the maximum temperature 
for growth. The failure of winter wheat to head when planted in the 
spring is probably due to light rather than heat (see Chap. IX on DLseases 
Due to Unfavorable Light Relations). 

During the periods of intense heat in the summer in the northern 
sections or frequently in the hot season in southern latitudes, there may 
l)e more or less burning of leaves, flowers or fiuits. With leaves, there 
may be a death of marginal tissm, or internal necrotic areas may hv 
formetl, in many cases the elTects resembling drought injury. Injuries 
of thi.s tyjH' may result when the tissues are suffu.sed with water and the 
atmosphere is hurnul, or very similar efTecls may hdlow when transpira- 
tion is greatly acceloiated }>y low Imrnidi ty and high temp(‘ratur(‘S Kee 
Tip Burn of the Rotates, j) 143) Somewhat similar injury of niafiles 
(Hartley and Merrill, Ifllo) an<l of covvpcais fflibson, 1022) ha:- l>een rahcal 
7'he sun scald e-f beans described by M'^MilIan has beam attributed largely 
to light rather than to liigh leni;>eraTures se(‘ ('ha|> I\ on Diseases Dm* 
to tbdavonibh* Light RelatK-ns). 

'riie app(‘aran(*e of sun-scald s[)ot- on foliage of olants grown 
und(U’ •glares is not un<*omnioti IsolaP'd si,.)t->, of >>p(»tv or dead 

streaks may lie ioruu'd h'liese are at tri])iito(i^ jd -i largr jiarl. to the 
eoncfuit ration of Mk' tu‘a1 by biiobles oi itie glass w'hieh ail as burning 
iensi's, and tlie lines ol ^pois or streaks from ihf* vsliiftnig [losition 

of th(‘ sun. ft has also b( *‘Ji la-Kal (hat waler (iro])s may aca m a similai 
fasliion as burning lenses, bt»(li in gr('(*nhou^f‘ (‘ubiiri\s aral Iii ]>Iants 
grov n in the ofxai Sjuaying of didicate ol'inl strui'Min"' d’U’ing th(' heal 
of th(‘ day 111 V promote U']ll!^ f<ir ih'* abovi^ ieasi,,i .omI aNo lior>i 
iiKTeased sensil ivauiess \ > fu'at 'Im ^o a modified watm’-iol-i! a >n. fh'ai 
cankers may result irom h!g)> -summer Km oeritnres when (lien 

trunks or limbs e\pos(Ml as t re>>ulf «-! cieainu:^ or cuMuiv: or loads oi 
from any reinov d of ''luule whudi Iki- served .as a orolcelion Bait 
cankers of this («rigiri should not be c{>nfus(al witli tlie so ('alliai wiidcM* 
sun scahl (see Chap. V'lll) 

d'he scalding of flowm-s freipumtly results from high Uaupm’auires 
The browning of the rays of dahlia flower. ^ ' the early blos.vmjs pnuluced 
during tlie periods ol high temperature ami ii\ten‘*a* suns^^ine j.^a notabk* 
example. Perfect flow'ers are formed later m th(‘ Mason wiien l(>w’er 
tornporatures prevail. Matiy fruit’ suffer from sun sc*d<l or sunburn, 
especially those wliieh are sueculerit. Even fruits lik(‘ th(‘ apple may ix' 
severely burYied, during periods of intense summer lieat, esj^eeadly the 
sun-exposed face of fruits hanging on the outer branches.' Injuries oT 
this tyi>e may bo in^en.sified by lime suljihur or other sulphur .spray (see 
Spray Injury) but may occur independent of any syiraying rqierations. 
Strawberries, grapes and other fruits may frequently he .scalded wlnm 
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they are exposed to intense sunlight and high temperature following a 
humid period in which abs()rption was active, but transpiration checked. 
Sun-scald injuries ar(‘ due not to the direct action f)f the air temperatures 
but to excess! VO heat generated in exposed parts of plants by sunlight 
absorption’^ (Harvey, 192^)) The sun scald of tomatoes is also a veiy 
common cause of complaiin Heat conditions which are not sufficiently 
intense to produce localized injury may accelerate the opening processes 
and lower the koe])ing qualities of (he fruit's that are prematurely nj.x'ncd 
Heal defoliation may occur in both decidiums and evergreen trees, 
and, according lo vnirious observers, the more exposed leaves or those 
occupying a jienphercJ position are less likel> to be cast than those in a 

morf* pioticlcd position within the 
crown Although leav(‘s can reduce 
their tempcia(iJif‘ by an active trans- 
piration, under certain conditions (heir 
temperature maj rise above the ii.axi- 
mum which their tissue*^ can tolerate, 
and heat casting is the result It is 
the l>elnf that the inner leaves suffer 
first becauM of (lieir greater sensi- 
tiveness to he‘'( and also b(*ea«s(‘ (lie 
radiatuu) of heal from them isrctaided 
by the more exposed foliage Seed- 
lings of coiiiferou'- or deciduous trees 
or of herbaceous species may bt' sen- 
ously injured or even killed by high 
temperatuie, the injury being localized in the stern just above the ground 
level, thus resembling damping-off due to fungi (Hartley, 191S, Bates and 
Roesner, 192t) This trouble has been callodir/u;ci>7>>a/,(‘sp<'cially on coni- 
fers. The order of heat tolerance for four evei green seedlings was as fol- 
lt>w& lodgepolc pine, yellow pine, spruce and Douglas fii II wMssuggested 
that Tempera! me rnav be (he critical factor which limits or preventvS 
naturai repioducti ju yBites and Roesiici, 1921) Siuiilai heat injury 
has been described h i ctAvpeas, rye, buckwle at, oaks, rn.iple and 

vetch Severe injuiy to <*ucumbe seedlings was ol)S(i\ed by the writer 
when heat was the onlv i iclor tint seemed responsibb^ II Mams prob- 
ablr that heat^ injury to young tender seedlings is much more common 
than recorded expencnccs would indicate Severe injury of this tyjie to 
a field crop is well illustrated by the heat canker of flax (see sjieeial 
treatment) 

Not only seedlings but mature nerbaceous plants may succumb from 
high temperatures during the intense heat of southein summers. A 
single illustration will emphasize this behavior ^1ie common garden 
nasturtium wa'll thrive and flower luxuriantly in the early part of the grow- 
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ing season in middle Texas but suffers from “sunstroke” during the mid- 
summer period of cloudless skies and lemperalures ranging from 95 to 
100®F. or more. 
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TIP BURN OF THE POTATO 

This disease of the poUUo 's char ictiTized by burning or browning of 
the tip and margins of the leaflets imder the innuenee of excessive heat 
and sunshine. It is only in recent \i<ars that this pliysiological disturb- 
ance has been differentiated f‘ an the ‘‘hupixT burn,” a trouble which 
appear to Ix' coriii(*cted witli the work of loaf lioppers 

History. A disea^f’ ot the potatif wa.- de*- nbed as “tip lainr by Jones (1895)^ 
\\)io <*haia< tc‘riyt‘(l it .^'howing tiu* dejih of <h( “ U'avt's at tl.eir tij 8 and uuirguife, 
whicli portiori.‘‘ dr' , bljukmi JinU roll up or ) to k oil ’ I'liiv disease was common in 
Vernioiit in 1S94 and 1S95 ai»d was aKo sdihcieialv in evidence lu C-tuinecticul, 
Miidiigai) and Wiacrmsm ((Jofl, bS9ti) to alii.ict the attinlion i»f expcnnient-btation 
workcTS, From that tinu on, tlu d'seasc was frcqiu'utly mrutioned in general 
considerations of jK^taio disi'jises, bui no detailed studu s of tlu trouble we*‘c made 
until tht w^ork of Lutiu.m fl9l9} Ibinng the seme yi'ar (1919), Hall pul)lish(‘d work 
which pointed to le.'if h<a)pers as tlu cause of tlu Miming of tlu' leaves .and therefore^ 
designated the trouble as “hopper burn” The present reco'^^rfltum cR two similar 
types oi troubles, tin* one due to a pli> siologicul distuibauee. im (dher to the work of 
leaf hoppers, makes it ditlieult to to what extent the two diseases were present 
Avhon the I'arlier otudies \sere being miide. Entomologists have been r.'itber inclined 
to the belief tliat all tip burn is “iioppei burn,i’ but Lutmaii (19‘23j behoves that man) 
of the earlier studies undoubted^ dealt only with the physiological Torm and tl^t 
hopper bum is a later develoynnent. A detaiUd study of the relation ol the water 
ixires and stomata of the potato leal to the early stages and c dvance of the tip burn 
has been made by Lutman (1022), and he has also |xnnted out the differences between 
true tip bum and hopper bum (1923). 
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Symptoms and Effects.-- Tip burn is first in evidence as a slight 
wilting and yellowing of the ti^^wSues at the extreme tips of potato leaflets 
or, more rarely, at the margin at some point back of the tip as well as 
at the tip. This yellowing is soon replacefl by a browming and death of 
i Vi(‘ tissOes, and tlu‘ dead area is extended from the tip downward or from 
the margin inwaid until in exireme e;\s»»s < nUre leaflets are brown and 
dead. The l)rowming begins at the tip or margin and gradually advances 
downward or inward mto the pale-gT*ecn or chlorotic tissue. Under 
favorable conditions for the development of the disease, the lesions may 
gradually advance, t)r the progresr may be de]aye<I or checked by the 
return of better growing conditions. The amount of tip burn vanes 



A 


1'k; 4«S » pi( '1 ii|> I u»i 11 niK-v Li'iDt t > t li ainl < moro or le^s rolled, lo'iHets 

niirud h li' not oil. dfo.uiA fxunf ( \JUt I a(rt in 1/ 214.) 

^vith the posiMoii of | [a. l(;i\es and \* also infliaaiced by tho age and 
maturity or llw* lea\es Young Ir iv(‘s uhiefi are standing upright 

appear to suffer tlie U'asf. while the tip blifjht is niou severe on llmsc* 
\{ avt'S v\hi(*h i\\" older .iiid oecujis • oosiUon so that i Ik sim '-rnkos them 
more neaily at aghl :nu’K‘' to Iheii 'Uiiace 

TIk* ()](I(t lca\c (lotop -o t^Mt nnlv tlie lips of the end leaflets are exposed, 
hut tlioM vfl all ij. tl\(‘ (oatlot^ ma> hang down and he struck hy tlie ti]) hum 
The <)ld(‘M le.j\(*s arc likely to he under the shade of those troin tlu* lunldle of the 
stem and s») -uiier U‘ss than tln,se in the middle. If they are i \posed at all, they 
suecuirih lea'iily, .jihI all of tlu' leaflets die in a few days. Th^ earlier attacks, 
however, ,irf‘ likely to f^ecvir on the mid<il*' h*aves. and afh^r they have boconio 
tlioroughlv ^(^)^eiK d ,.‘id dead the olde.st leave'- are exjiosod and in turn .succumb 
(Lulinan, ttUfl) 

'Tip burn appears to reach its maximum severity in the New England 
stalCKS in late July oi early August. Lutman records the killing of 
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approximately 40 per ceni of the foliage on ceitain plants by A.ug 17 , 
in a typical outbreak of the di^-ase in \ermon 1 in 1917 This injury 
resultevl during the jirecedirig pcuiod o<* Juh 20 t(» \ug 17 The physio- 
logical ehoct (4 ^hise.uh of foli'ige must be appdrent The growing 
season Is cal short, and coiisequenth the yield ^\lll bf i‘o’ lespondingly 
leduced The lossr-, aie ^ iiTt.ihk with ihe <o ison ind in some environ- 
ments uiav be negligibh , but tlu uU i h Ihh n ' vpif^ssed \hat in tie' lower 
acre pr^Miuclion of p nacoes n tii' Tn' ed Slates, as wludo, o\»u that Oi 
tieimaON h t (tl u) I, tip }>nin p|ji\ a ji^^it ikM in irnpi'itance to 
lat( t»hgi 3 t Mud th^ t OioT t<) ) J)Ol }f^ 

‘^Uice tip laiin and n* p « " mdd an tie woikmg it‘di }>f ndently or 
simnl'Mo 011*^1/ If) 1 ^.nen iP^’Kii'oeat the di'^l iriLUishini. m ik^ oi ihf 
troopers oia^ P <'o’t| isted » li b »ptK ’ binu, i fie \ iseular -ys- 
‘(Ti 1 ' ^ nr rfii'' lie nnbf'^siif ,tPii . f da 1 '-i »i* b , ind ihc 
n( p i )t ti'.s'p, s in e ouiv\ nd hlU u. dp tn mi Ifu dc itii of tn‘-ues 
at\‘inees n (Ir dp o? >n oen iriwiri^ 2 Hop;w‘! bii'^ e not 
M 1 ' O" 4 < * vav p » I f f I fa ‘ d t i\ ,ii\ \i\t IP o ;] non, whlh 

iu ^ M in vU^ i ' s ^ i ^ \ t u* ' < ni( t») ( ) li ‘'k 1 a m •( lau h 
t M' (I inpn i< In 'onp^ > bi ' hiiini^ ^d*"* ] ^nipei k**! >f 
(lt\id d-s a wit >>M )ro«a’ (n^ m ir‘ (it < 'i#^nd\ ub i/Onlii't ‘ 

\(»n tnukin^ th( Cf eti r of tMch 

Etiology P‘"e^ <»ns to ila dl^er)vff'' oi 1 )pj)er burn, tiu^c >0i nr d 
]n\i DM n a grufrii uneeTain^ thit dp burn of tf)(‘ ])(>tiio was due !(» 
^h . dige of water d jring tiu* tr jt jh ii hK <'f nudsummer In 3 S 95 , Jones 
st it<*d 
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the lighter soils. The fact 'that temperature and light are more impor- 
tant than water shortage in producing the trouble can be noted by the 
behavior of plants .which are not suffering from water shortage. 

ft has been possible to produce tip burn under artificial cofithtions, 
the symptoms and effects agreeing in the main with the development of 
the disease under natural conditions. 

Sunlight may act either chemically to cause the destruction of important leaf 
constituents, e g , chlorophyll, or it may so warm the leaf as greatly to accelerate 
the water loss (Lutman, 1019). 

If we think of transpiration or water loss as more than mere evapora- 
tion — an active process dep>endent upon the chemical and physical 
properties of the living substance — the influence cf light and heat in 
accelerating the water loss may be appreciated. It seems pnXabie that 
•these changes take place and that the excessive water loss follows. The 
cells of the affected areas lose water until they are plasmolyzed.or lose 
their turgidity and, when the changes reach a certain degree of intensity, 
recovery is impossible, and the celladie. The parts which heat and light 
play in the production of tip burn have been demonstrated by shading, 
since it has been possible to prevent or reduce the disease by the use of 
muslin or cheesecloth screens. 

The greater freedom of the young leaves from tip burn is explained in 
two ways: (1) by their upright position, which causes the sunlight to fall 
more nearly parallel to their surfaces and thus gives them a measure of 
protection; and ( 2 ) by the higher concentration cf the cell sap o\er that 
in the lower leav^es, which retards the loss of water. It has also been 
pointed out that plants ip ’the early part of the growing season have a 
higher sap concentration in the tissues of the foliage than (dsewhere but 
thfit with the oncoming or passage of the blossom ^tage the stalk tisvsues 
have the highest osmotic pressure, especially during periods of low 
humidity and high temperatures. It seems probable that under .such 
conditions, the cells of the stalk may draw up<^)n the leaves as well as the 
roots for water. This will explain, in part at least, the greater sensitive- 
ness of the potato plant after it has reached the blowssom stage. 

On cloudy, humid days tht; pressure in the stalks tends to subside and .a 
nearer approach to equilibrium beenr established between stalk and foliage. 
The advance of tile tip barn tiien stops fT.iitman, 1919). 

A special study has been* made of the relation of water pores or hyda- 
thodes to the • inception and advance of tip burn, and the following 
conclusion^ have been presented-c 

1. Potato leaves are provided with hydathodes around their margins but 
^specially towards the tip.- These hydathodes resemble the stomata but are 
placed so as to open directly on the vessels of a large vein Vhich runs close to the 
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margin of all the leaflets. A group of these hydathodes is located just at the tip 
of each leaflet where many of the vessels of the marginal vein end. 

2. bum begins breath these hydathodes, especially at the tip of the 
leaflets. ^ The death of the tissues under the terminal water-pore group leads to 
the browning and shriveling of the extreme tip of each leaflet. The tissues die 
under the water pores along the side^f the leaflet and apparently break the 
continuity of the water-supply system of the marginal vein. 

8. The further advance of tip burn into the leaf is due to direct sunlight 
acting on the cells of the leaf leading to such an extreme plasmolysis that the 
cells are not able to recover. Associated with this plasmolysis is th^ destructive 



Fia, 49. — -4, tip of Aory young leaiiet showing venation and the position of the hyda- 
thodes; B, tip of mature leaflet in surface view, showing groups of hydathodes. Dead 
tissue under the pores is indicated by dotting. \Aftcr LiUman.) 

action of the sunlight upon the chlorophyll bodies and the chlorophyll itself. 
This expresses itself in the yellowing of the green portion of the leaf in the region 
dead from tip burn (Lutman, 1922b 

At this point, it may bo well to note that the etiology of the so-called 
hopper burn’' is not well understood Ball (1919) reported it to be 
specific, i.c., caused by a single species of leaf hopper (Empoasca malt 
liC B.) but not by other closely related species, and advanced the idea 
that hopper burn was an insect-transmitted trouble, somewhat similar to 
curly top of sugar l)eets. Ill 1922, Eyer reported that he hadlieen able 
to produce hopper burn by injecting an extract of leaf hoppers, especially 
of the nymphs, into healthy plants and that the “specific" from diseased 
plants may be reint)culated into healthy plants and aj^ain produce tht# 
characteristic burning. Lutman (1923) is of the opinion that his evi- 
dence is not conclusive and advances the theory that the le^ hopper, ifl 
sucking the' juice from the veins, 

remover^ the water from the tubes and from- the adjacent siefe tubes, com- 
panion colls aad elongated parenchyma to such a deg^c<^ that they plasmolyse 
and collapse to a point where they cannot regain their turgidity, and, as a conse- 
quence, they die an(f become brown in coloK 
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If this is true, it would not be necessary to assume the injection of a 
Specific toxin'' or an inciting agent. 

Varietal Susceptibility. — DiflFerent varieties show varying degrees of 
susceptibility to tip burn. In general, it may be stated that 

Early varieties are affected sooner apd more seriously than later ones. The 
foliage of the latter often largely survives the weather producing tip burn and 
renews growth in September (Lutman, 1919) 

On the bagis of studies in Vermont in 1915. Irish Cobbler, Borer, White 
Ohio and Triumph showed 100 per cent, and Karly Ohio and Early Rose 
90 per cent of the foliage dead from tip burn on Aug. 23, while 15 other 
varieties under the same conditions showed from 5 ko 30 per cent of the 
foliage dead Very similar variety relations were noted during the 
season of 1916. The general observation has been iruide that potatoes 
suffer much more from tip burn on hght, sandy soils than on the heavier 
soils, and a low potash content i»f the soil tdso seems lo aggravate the 
trouble. 

It is of inturesl to note that other crop plants show injuneh vsnnilar to 
the tip burn of the potato during ver\ hot Muniners 'Fhis tnie oi 
lettuce when grown eithei in the open or undei glass. lOven th(‘ regions 
of conmuTcial production of la^ad leiince mima lun(‘ s(*jw>ns tha^ cauf-t 
much tip burn, and in inan> sindi ca^es ilu lujun'd leaver (dliu aT< ^;iisy 
center of origin foi slimy, soft rot wduch Tna> cius(‘ losses in iiansit 

to market. 

Control. Since lip burn is the result of inpuisf* light and high terri- 
jx^ratures combined with low humidity .iiid friajuently of water shortage 
m the soil, It cannot Ix^ entirely prevented in ihos< regions in winch the 
exciting factors are likely to be operative. 'Hie trouble may be naliiwal 
by giving attention to the following. (J ) the selection of late vaneues il 
exfjerience shows that the early varieties suffer, (2) tlic avoidance of tlie 
lighter soils of an environment which may prevlispose to the disease, and 
(3) spraying to control Ilea beetles, leaf hoppers and other ins(X‘tr ^^pray^ 
mg with Bordeaux has been reported U» give a protective action in lh(‘ 
ease of pltysiologieal tip burn alone, due possibly to a shading effcah or t») 
a retardation ol transjnration d'he use (»f Bordeaux as a re|x*llent for 
leaf hopfK'rs has l>een recommended as the only practical method for the 
prevent ion ^ of “hopper burn" (Dudley and Wilson, 1921; Parks and 
Clayton, 1923). 
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HEAT CANKER OF FLAX 

Flax plants may be injured in such a way as to rause them to break 
over at <^r near the ground line and are then said to be affected with flax 
canker. Varjous factors are rt^spon- 
sible for this behavior. A definite 
fungous canker, in the nature of a 
damping-off disease, due to Colleto* 
tricht^m Uni Btdley, has been recog- 
nized in America and also in other 
{larls of the world, but it seems to 
be definitel}" ostablish(*d that another 
typo of wide occurrence is of a non- 
parasilic charac((U’ and due to high 
temperatures. I’or this reason, the 
name of ‘^heat canker of flax’' nas been 
proposed. As a result of invest igat’ons 
earned on siuee 1910, it lias bt'en shown 
that tli(' (\)lletotrichum canker is rather 
rare in the riiited States during some 
years and, when present, affects seed- 
lings in the main, wliile heat canker 
occurs “somewhat uniformly in the 
northern Great Plains area and causes heat canker { iperlti^idg and 
a marked loss in flax production/' V. s. ih/M, Ag^. Bui. 1120.)* 

Symptoms and Effects, -“Heat canker is generally first noticed by 
plants breaking over at or near the ground level “as though whipped off 
by the winds or gnawed by insects “ This effect is due to the killing of 
the cortex of the stem above the ground line, while the plants are still 
young and tender. 

(Icnerally speaking, if the injury occurs* when tlie plants are loss than 3 inches 
in height, the tissues collapse at the point of injury and the plants wither and die. 
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If the injury occurs somewhat later, when the plants are 3 to 5 inches in height, 
only the cortex is killed, allowing the plants to topple over but usually td remain 
alive for clays or weeks because of the uninjured vascular system within. Only 
in rare instances are plants more than 5 inches in height injured in fhis way. 
Numerous* more mature sj>ecimens of heat-cankered flax can be found, but in 
Bucli cases growth continues aftcT the initial injiiiy. Enlargement of the stem 
occurs just above and sometimes just below the injury. In most cankered plajits, 
the stcun is b^vercnl, sooner or later, at the i)oint of girdling by the winds or by 
the disintegration of the nmuiimng tissues, due to the action of baprojdiytic 
organisms. Otherwise the ]>lnnt dies when tlie starving roots can no longer 
support the increasing needs of the aerial portion (Jioddy and Brontzel, 1022). 



FiC. 51. Ilits.'il imrtion of sho^\ii in Fm 40 orlarKed to slu)\v ronstiu It'd arcaa and 

on iangt'in on Is. {Aft*r Jitddtf and Unntzd, /' S. Dopt. Ayr, linl. 1120.) 

The imirked cTmi^trietion of llie stem within the limits of the cankei 
is due fo the death and shrinkage of the eidls of the cortex, while the 
cniargeineiil above th(' cimkcr.is due to the interruption of the dowmw’ard 
movement of ehiboraied food whish can no longer be carried to the root 
system. In case the enlarged portion of the stem Cvunes into contact 
with moist soil, adventitious roots may start, but under dry conditions 
they do not form. A somewhat similar form of trotible occurs in the 
drier areas of the Great Plains later in the season. 
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Losses have been caused by the heat canker varying from slight to 
heavy,* with almost complete destruction of fields in isolated cases In 
the experimental plots at Fargo, N. D., the percentage of cankered plants 
when unshaded ranged from 37.2 to 46. 

Etiology. — The heat canker of flax is the result of the high teinpera- 
tureg of surface layers of dry soil that are in immediate conta(‘l with the 
tender tissues of succulent young stems. The amount of the injury is 
apparently influenced by the compactness of tlu* soil, the succulence of the 
tissues and the absolute temperature. In the heat-*cankor pl4ts (I'argo) 
during 1920 and 1921, there were many days when the maximum soil 
temperature at a depth of ^ 2 inch varied from 40 to .WC. (104 to 122° I’\), 
while the temperature at the surface was in many eases 4.5 to 7°C'. higlier. 

The first evidence of the' non-parasitic nature of the disease was 
obtained by making numerous cultures from typical cankers. .Xo one 
organism was, constantly present, none that W98 isolated was ever 
capable of producing the disease when used in inoculations and in many 
attempts at isolation no organisms appeared. Field observatU)ns and 
tests in ?xperi mental plats gave evidence in favor of heat and light 
being the important causal agents. Scune of these relations were as 
follows: (1) Canker was more severe .in rows with wide than with close 
spacing and also more destructive m thin than in thick sowings; (2) a 
growth of weeds seemed to lessen the amount of the disease; (3) the 
shading by a cereal nurse crop had the Mime effect in reducing the canker 
as a weed crop; (4) providing partial canvas shade redueed the disease 
or prevented it entirely; (5) the canker was l(*ss vlien the soil wHt> covered 
with a yellow^ sand to a depth of ^ ^ inch than on the same heavy, dark soil 
unprotected by the sand layer • (6' a firm crusted surface soil seemcrl to 
favor the disease, while a melloiv soil wittiout a crust lessened it in 
amount ; and (7) a cankered condition similar to heat canker was'produeed 
artificially. 

Heat canker always ap|>cared following the days when the teinjx'ra- 
ture at the surface of the soil w’as high. The observations indicated 
^Hhat under conditions favorable for the production of lieat Cipiker, tlie 
critical temperature is about 54°(\” AVlien moistuie and teiniKTHture 
conditions produce a soft, succulent growth of the yning plants and this 
is followed by crusting of the surface and a jx^riod of critical tem])erature.s, 
the heat canker is likely to develoj), while the same 4emp(%*ai tires wilf 
have a less injurious effect on plants wlucli h:ive maile a firmer giDWth 
Early seedings sometime.8 escaiie the troulile because tliey may pass the 
susceptible stage before the advent of high tenii)eratures. 

The soil crust caused by rains brings the surface Soil in ininioiliate. contact 
with the tender surfaces of the succulent young flax steins. Injury results wlieii 
such surface layers in immediate contact W’ith the tender living tissues reach the 
high t;emperatures. This surface crust may act as a conductor of heat to the 
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plant , . . The evidence', therefore indicateb that heat canker oi flax results 
from a combination of succulence in >oung plants and luf^h te^nperatures of ^le 
surface soil in iiiiniecljatt contact \Mth such succulent tis-^ues (Hoddy and Ikeutzel, 
1922 ) 

Prevention. - feinee the trouble is due to the hija;h temjieratures during 
the early period ot j;rowth, hea^ canker should be eonti oiled either by 
seeding early, so that ihe sf'dlmgs pass the susceptible stage befoie the 
advent of the hot weather, oi b\ adopting (tiltiiial practices that wdl 
partially shade the 'voiuig fd int^ ind thus hold down ilie teinpcratuie of 
the surface soil I lln^ latte r ])u pose, lughei rales ot seeding irid dull- 
ing north ind soutl r it tier than east and west have tieen suggested 

Peforences 

riUEca, K\ki Tjit < 1 m 1 und r ins( bnuoingsl 1 uklu lO n d< i Pfi u\7c m \riy7u 

Zfttsclu I ors* u land 12 10 10 101 1 

lltDDY C S \ND Hki< N'T I \\ F Iiivt -iTigalioii h*" it I inker ol Oix F 

Dept \ur Hu^ 1120 I IS 1022 
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DISEASES DDE TO LOW TEMPERATURES 

Living plaiith, either growing or dorniaia, or plant products are likely 
to be subjected to temperatures sufficient 1> low to cause either death or 
injury. The character and extent of th(^ injury will vary with the tem- 
perature and th(* condition of the plant or plant Mruetures 

Gcfneral Effects of Low Temperatures.-- In discussing the general 
effect of tempeiature upon growth, it was pc‘inte(l out that for each species, 
variety or strain there is a certain deiirree nf warmth, the optimum at 
which growth is most rapid As the temperatun^ sinks below this opti- 
mum, growth becomes less and less rapid and linally ceases at the 
ftiimmum. ''riiis retaidation or checking of gn>wth is the inevitable 
result (ff low tempeiature. A second effect of ](>\v temperature is the 
prevention of chloro['hyll formation or the slower construction of this 
pigment, with the result that parts normally green may become yellow. 
In some plants or plant parts, cold causes the development of red pigment, 
which apparently oliscures the lesser degree of chlorophyll development. 
When the temperature sinks to a sufficient degree, freezing of plant tissue 
results, and death may follow, or with the rise of temperature, the frozen 
tissues may thaw out without any appreciable injury. 

The final result following exposure to low Itunperat ure will be variable, 
dcfiending upon specific peculiarities of plants, nuMsture relations, length 
of exj)osure, degree of cold an<l oilier internal or external factors. It nia> 
suffice to say lliat the final results in the avMion of crild wall fall into three 
groups. (1) recovery or return to normal with the advent of temperatures 
favorable to growth; (2) either the parts may be lost, nialformed or dis- 
figured or, in annuals, the entire plant may become a p<Tiriifnently 
deformed cripple for the rest of the growing season or, in peronmals, may 
lead a struggling existence in a condition id lowered vitality for a period 
and finally attain normality, or the derangement may U'como more pro- 
nounced and end in death; and (3) the injury may be of the acute type 
in which sudden death of the plant is the outcome. 

How Freezing Causes Injury. — There has been much discussion as to 
how freezing causes the death of plant cells. The early theory of cell 
rupture due to expansion of the cell sap was soon discarded, because it 
was shown that water was withdrawn from the cells into the intercellular 
spaces when* the freeftng occurred. It js*now generally agreed, however, 
that this withdrawal of the water from cells is the serious feature in 
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freezing injury. Several different theories for the injury have been 
offered. 

1. Cold Death by Poisoning. — The withdrawal of water is thought to 
concentrate the cell sap so a.s to leave substance actually toxic to the 
protoplasm (Lindforss, 1907). 

2. Mechanical Injury. — With this concept, death results from 
‘^mechanical injury of the protoplasm caused by the compression of the 
ice crystals which accumulate in the intercellular spaces^' (Maximov, 
1929). ^ 

3. Besfrvetion of Protoplasmic Structure or Architecture. — The loss of 
the sernipermeable character of the protoplasm permits the water to pass 
into the intercellular spaces. If this structure is permanently lost, death 
results and the intercellular moisture which cannot be reabsorbed i^ soon 
lost by evaporation (Muller-''rhurgau, 1880). This third theory haS been 
modified by Stile.s (1930), who has presented evident' to show that the 
protoplasmic changes and the consequent death of the cell result ^‘from 
the ffirmation in the protoplasm of relatively large ice crystals and the 
consequent alterations of the space relations of the phases constituting 
the colloidal complex of the protoplasm.” Recovery following freezing 
would take place only if thawing permitted the regaining of the original 
space relations. 

Variation in Cold Resistance or Hardiness. — Plants show wide varia- 
tion in their tolerance of low temperatures. It is well known that 
tomatoes, potatoes, beans, cucurbits, corn, dahlias, etc., are extremely 
frost sensitive, gep#^ Jly suffering acute injury with the first formation of 
ice crystals Other annual plants, such as spinach, lettuce, the various 
cereals, etc., are much more frost resistant, and in certain regions hardy 
varieties may even Ixdiave as winter annuals, beginning their growth in 
the fall of one season and completing it during the next. Contrast, for 
example, the difference m the frost resistance of dahlia roots or potato 
tubers and the bulbs of such hardy plants as tulips, narcissuses, jonquils, 
etc. In general, the crops of our temperate regions which have devel- 
oped the biennial habit, such as carrots, beets, parsnips, salsify, cabbage, 
etc., arc frost resistant. Some frost -sensitive plants which Indiave as 
annuals in temperate regions may become perennial in the moderate 
climate of southern regions. The perennials exhibit all gradations from 
tender t(f ext retries of winter hardiness, and one of the tasks of the plant 
breeder is the production of hardy varieties of farm crops, fruit plants 
and other desirable plants which will extend the range of profitable 
production 

The B&sis of Hardiness.— Many different theories have been offered 
to explain hardiness or resistance to injury from freezing. The most 
probable are based on the Miiller-Thurgau theory of death by water loss 
incident to the destruction of the protoplasmic structure. Since water 
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retention is the basis of hardiness, the main factors which are concerned 
in water rfetention may be noted: 

1. The Property of the Uydrophylic Colloids of the Cell to Hold Waier 
by Sitch Phenomenal as Adsorption, Adhesion or Molecular Capillarity . — 
Water may be unfree or bound, i.e., not easily freezable, ot free, in which 
state it easily fx'cezcs. This ‘‘bound’' water may be the total water of 
hydration of all the substances in the plant, but water bound by other 
than colloids is thought to be of minor importance. The imbibition force 
of the cell colloids is a generally recognized principle. Some workers have 
attached special importance to the pentosans as the organic compounds 
mostly responsible for the water-retaining power of the colloidal complex 
There can be no doubt that they play a part, but variable conclusions, 
have been reached by different investigators, some reporting a marked 
parallelism between pentosan content and hardiness while others report 
no quantitative relation. 

2. The Carbohydrate Content. — A sufficient number of cases have been 
recorded showing higher total carbohydrates in hardy than in tender 
varieties to attach some importance to this quality. It has been shown 
that sugars have the ability to protect proteins from precipitation on 
freezing and that there is an increase in sugar in many plants when 
exposed to low temperatures. 

3. The Osmotic Concentration Due to Various Solutes or Soluble Coin- 
pounds in the Cell Sap of the Vacuoles. — The concentration of the sap 
may play a part in delaying inception of ice-crystal formation, but it 
appears to be an accompaniment of hardiness rather than the real cause. 
Neither high carbohydrate content nor high osmotic value of the cell 
sap is a constant accoinpanime^i of hardiness. 

Attempts have V)eeii made to C()rrelale hardiness with other measure- 
able factors, e.g.y quantity of press juice, moisture content, Jbotal solids, 
amino acids, organic nitrogen or viscosity, but none has proved to be an 
infallible indicator, '^rhe only recognized rclialde t(*st of hardiness is 
artificial freezing at controlled temperatures with tlic determination of 
injury. 

The recent summary statement by Stiles (1930) apjx^ars to express 
the present concept in cxcelleni form: 

In cases of frost -resistant j)]Hnts, however, it is ])rol)}ible thjt wat^'r is liound 
to hydrophile colloids of the protojilasm and is iion-freezahle, so tlmt the forma- 
tion of ice crystals and the consequences of thejr formation to wliich the death 
of the cells is attributed do not take place 

Frost Injury and Winter Injury - r or purposes of eonveilicnce, low- 
temperature injuries may be considered under the heads of frost injury, or 
injuricb which rcvsult^from low tempt'rat-ures after plants have started int«) 
growth in the spring, during the period of vegetative activity or before 
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they have matured and entered their period of winter dormancy, and 
urinter injury, or injuries that result from low temperatures aft^r ihc end 
of the growing season or before growth starts in the spring, t^ost injury 
involves mainly frost'Sensitive annuals or the foliage, blossoms and 
young fruit of perennial plants, while in winter injury we may be con- 
cerned with winter annuals, biennials or herbaceous perennials which 
retreat underground or woody plants which normally pass the winter in 
a dormant condition, either with or without the shedding of their leaves 

FROST INJURY 

Low-temperature Injury to Leaves or Young Shoots.- -In many 
plants, the (emperature at wliich chlorophyll ceases to be formed is higher 



than the minimum lor growth, so that plants suffering from chlorosis due 
to cold may still continue to grow slowly 1’hc yellow coku- of early 
spring as noted in overwinK'nng roseltes, young seedlings of spring 
annuals or the tips of the first shoot, or leaves from herbaceous perennials 
is the result of teinixua lures unfavorable for chlorophyll formation. 
With the advert«i of wiirin weather, the chorotie structures will become 
green if the chloroplasts have not liecn seriously damaged. Tempera- 
tures not sufficiently low to have a killing effect upon the tissue may cause 
a clumping or disorganization of the chloroplasts, and normal greening 
may not occur even with favorable temperatures. Such affected leaves 
may persist through the life of the plant, or they may blight before the 
end of the growing season. pronounced yellowing of winter barley 

in the early spring is not an uncommon phenomenon. I^ovv temperatures 
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in connection with the saturation of the soil with water, which interferes 
with normal root activities, are the inciting factors. In some plants, the 
temperatures which are unfavorable for chlorophyll fonnation induce the 
fonnation cf a red pigment, anlhocyanin, which is dissolved in the cell 
sap, and moderate or intense redvloning of the leaves is the result. In 
certain species of trees or shrubs, the first spring foliage may be highly 
colored with red, but this fades out with the arrival of warm weather. 
Certain varieties of winter wheat, if examined in the early spring, will 
show considerable reddening of the leaves, while m certain sections oats 
may show what has sometimes been called the ^^red leaf disease.’^ The 



' ,>i Krosi T itod }f'*»nrud loairs I, h hestaut B maple, iliac 
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lutumnal Cdh.ialnm cijar.icler n a ol ->ei diry in ileciduous leaves an 
‘cconipamnu-nt o\ int^inal *h leadiiig 1<> Dio transfer of plastic 

maleiials into the twagf id brani hes bcfoie llie final leaf fall or the advent 
A killing irosts. TopijicraDire'- •ib<>\^' fioerini; )ia\e been '-Jiowdi* (, Sells- 
chop and- Salmon, D)2S), in cau*e iiijuiy espiciaily lo certain tender 
sixdaes, the rf*‘‘ponscs indndina chh^rosh , blisleruig, wiltnig, localized, 
<a g(*neral necrosis, witli d(‘.tDi i < tin' iiuiro sensitive species. 

Uice, velv(‘t beans, (Niwpea^ and cott(»n weic' killed by an ex|>osuT^ of 
fit) hours to 0 5 to od\, while ])oijtoos, sunliowvr.^, tomatoes and fiav 
were not injured by the same exposme \'anous gradations of sensitive- 
ness occurred between these lv^o exnehioe. 

The action of 1(>\\ t(dnp(‘rahire'> on young loaves just unfolding from 
the bud may cause much crinkling, puckering or curling of leaf blades. 
Tliis effect IS very cor^mon ui the ajiple orchards of the Pacific Northwest, 
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and leaves showing these abnormalities are sometimes so similar in exLer 
nal appearance to those of peach leaf curl that orchardists are often led 
to believe that an infectious disease is prevalent. Leaves affected in 
this way are said to be ‘‘frost blistered/' since the lower epidermis is 
raised in places from the underlying mesophyll. The epidermis of these 
blistered areas may crack later, thus exposing the interior chlorenchyma, 
many of the cells of which may become more or less filamentous due to 
the release of the normal pressure of the lower epidermis. The Jonathan 
apple, for example, is very sensitive to frost blistering of the leaves, and 
all gradations of injury may occur. Slightly affected leaves may reach 
nearly normal size and persist through the entire growing seavson, others 
more seriously injured may show some localized killing of cells and pre- 
mature fall is likely, while in the most extreme cases the blistered leaves 
may remain very much reduced in size and dry up and fall. The blister- 
ing of the leaves is not so serious as might be supposed, for new leavCwS 
are formed which will take the place of those that are lost. A fair crop 
of apples may sometimes be produced by trees on which all of the first 
leaves show the most extieme type of frost blistering. 

In some seasons of late spring frosts, young leaves of some trees and 
shrubs may suffer localized injury by the killing or splitting of the tissues 
in the intercostal areas, so that later the leaf blades may appear as if 
lacerated pr torn. This laceration may be quite regular with the pro- 
duction of comb-like segments of the leaflets, as in the horse-chestnut, or 
more irregular, as in lilacs or maples. In the case of stone fruits, such as 
cherries, plums, peaches or apricots, the low-temperature injury may take 
the form of an irregular shot holing of the leaf blades. The extreme 
effect of low temperature is the partial or complete blighting of the foliage. 
The affected leaves at first appear water soaked, due to the formation of 
the ice crystals in the intercellular spaces, and with the melting of the ice 
remain limp and flaccid, without any return of turgidity. The affected 
tissues become rapidly discolored and with the evaporation of the mois- 
ture become shriveled, curled and brittle and soon fall or weather away 
It is worthy of note that all leaves of even frost -sensitive plants are not 
equally susceptible to death by freezing. Two bean plants, for example, 
growing side by side in the same hill may have the leaves f)f one killed 
while those of the other suffer bin little injury. 

Young shoots together with the leaves they carry may be killed back 
either compleFely or partially by spring freezes. This would apply to 
herbace(ms perennials like alfalfa or to woody species of evergreens like 
spruces or firs. In such cases, the drooping blighted shoots may suggest 
a bacterial or fungous invasion. Severe damage of this character may 
be encountered in evergreen nursery stock. 

Injury to Blossoms and Young Fruits. — The blossom buds, blossoms 
or young fruits of our tree fruits or other perennialS which are developed 
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in the early spring are frequently subjected to critical temperatures which 
cause a blighting of buds or blossoms and a consequent failure to set 
fruit, or, later, frosts may affect fruit that has already set and cause it 
either to drop or to be malformed. 

The “danger point” for the blossom buds, open blossoms and setting 
fruits of pome and stone fruits shows a range of 5 to 6°F. The blossom 
buds that are closed but showing color are more resistant than the open 
blossoms, while the setting fruits are still more sensitive. The killing 
temperatures according to various authorities vary for the different 
species and also within the species: (1) for closed buds that are showing 
color, 20 to 30®F.; (2) for open blossoms, 2b to 30'"F.; and (3) for setting 



the peJals have fallen, Hhowing central necrosis, B, >^hcn to 1 inch in diainoter, showing 
peripheral necrosis. 

• 

fruit, 27 to 32°F. In some localities, the frequency of late spring frosts 
mskes the production of certain crops unprofitable and uncertain. Even 
in the recognized fruit regions, destructive frosts may occasionally cause 
[ilmost complete losses, and experience must be the guide as to whether 
their frequency is sufficient to justify orchard heating or other frost- 
protective measures. 

The essential organs of the fl(,wer, the stamens and pistils, are gener- 
ally more sensitive than the accessory j>arts. Injury by slight fn^ezing 
may be marked by a discoloration of the ‘istil, which becomes brown or 
black, while surrounding parts'^ show' hut K.lle deviarion trorn ilie normal, 
but at lower temperature there may be a complete blighting uf all the 
flower parts. The “black eyes” of straw'berry bl(*ssoms w'hich have 
suffered a knock-out blow by Jack Frost are typical of frost injury. The 
achenes and receptacle turn brown or black, w’bile the petals remain 
unaffected. Young apples which have :lr*ady set al the time of the 
killing frost may not show any e;cternal evidence of inji^ry, b^it, if thq 
fruits are cut across, the centers may appear brown or almost black, due to 
the killing of the rudiments of the seed and some adjacent tissue. A high 
percentage of young fruits showing such internal discoloration of the seed 
cavities fails to develop further, and- these fruits are soon shed, while 
others less severely injured may make some growth and fall later, while' 
still others may reach raaturity but be Undersized, irregular or one-si<lod 
with sterile or seedless core cells. In some cases, the severe temperatures 
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are not experienced until the fruit is ^ ^ inch or more in diameter, and then 
the peripheral tissue*^ may suffer more than the >oung seeds oi; the tissue 
adjacent to the core ca\ily Most of the fruits showinp; this exteinal 
injury fail to matur(, Init some umtinne their gio\\th and sliow more or 
less internal necrosis of the pulp This effect was not uncommon in 
Washington following a J it^* ficczc m 1920 

Kven a crop likt wheat or rye may be injured bv late '^pnng freezes 
wh»ch occur ibout the time Iht >oung heuls aie emerging from the boot 
or when they irc in bl issom He i\y d image occurred in winter whe at m 
certain sections of the Inlind 1 mpne of the Picihc Northwest, during 
the late freeze of 1919 lii tht sever inju v, there i couiplete 
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perfectly smooth, is one of the recognized effects of low temperatures 
during the early stages of growth. It should, however, be recognized 
that complete or partial russeting of the skin is a normal character in 
certain varieties of both apples and pears and that other factors besides 
low temperature may bring about russeting. Russeting is due to local- 
ized injury to the surface cells and the formation of cork cells beneath, 
which rupture the surface and cause the brown, rough skin. Frost 
russeting may occur in the form of a ring or band extending completely 
around the middle of a fruit The retarded growth beneath the russeted 



tit/ 50 - ‘ Belted truita ” A apple, B pear. 


Sand causes a ^llghl constriction Sue) ‘belted oi bandeil” fruits are 
n(d uncommon in ipple.> and pears lii othei ca-.^'s, f^robably less fre- 
luenllv, lusset nngs, >2 iBch or slightly more m diameter, may appear 
on the cheek of mij iip[)le, the russeted tissue being sharply marked* off 
iiom the healthy li^^ue occupying the center^ but gradually fading out 
inmnd the ptiipheiy In some case**, huge irretuilar patches of russet 
•-km may develop it either the calyx or t>^e stem end of a fruit, while 
scatleied oi difiuse rnsseting nlay characten/iC the more nujderatp types of 
fiost injury to the skin of fruits 

Frost Injury of Sensitive Annuals.- -It ks a matter of common observa- 
tion that fnist -sensitive annuals frequently suffer acute injury from 
spring freezing, leading to a blighting and death of parts or of, the entire 
plant, but it is not so generally understood that less severe frost injury' 
may find expression in the production of permanently dwarfed and 
crippled individuals * Such injured plants may make a poor growth and 
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survive ior the entire growing season, with little or no fruit production. 
This behavior is not uncommon in such frost-sensitive plants as beans or 
cucumbers. The leaves of such plants may be irregular or moi^ or less 
deformed, chlorosis of parts may be a marked symptom, while blistering 
or bronzing of the surfaces may cause still further injury. 

Annualism in Biennials. — The normal growth of biennials, like car- 
rots, beets, parsnips, etc., during the first season is marked by a vegetative 
development, the emphasis Ix^ing placed on feu^d storage in the fleshy root 
to provide for the production of the inflorescence early the next season 
ft is a matter of common observation that such biennials sometimes pro- 
duce their inflorescences during the first season of growth. This plienom- 
enon is very common during some seasons, while in others it is absent 
or rare. The roots of plants that blossom the first year are of lowered 
quality, due to a more woody structure and modified chemical composi- 
tion. This may be illustrated by the sugar lieet, the roots of annual 
plants showing lesser amounts of potash, pliosphorus, sulphur and nitrog- 
enous compounds than the roots of normal plants, while there may also 
be a very material reduction in (he sugar content. This is a condition 
which might be expected, since the inflo»'escence is develojx'd at the 
expense of the plastic reserves. This annualism of biennials may Ix' 
either a character transmitted by the seed or due to the oj)erati<)ii of 
environmental factors 

It may be noted that there is direct experimental evidence that spring 
frosts during the young stages of growth may furnish the stimulus 
that initiates the reproductive function The under cooling of the proto- 
plasm during the spring frosts causes a cessation of growth, and this rest 
period appears to have the same effect on the nutritive processes as the 
normal period of winter rest. It is also stated that the later the frost the 
greater the likelihood that flowering will be induced Jt has been shown 
that subjecting kohl-rabi seedlings to -2 to ~6 5°C. for 10 liours will 
induce flowering in 30 to 40 pi^r cent of the undercooled plants. It should 
not be understood tlial underc(H)hng i^ the only cause of annualism, since 
it is known that other nutritional disturbances may lead to similar results 
(e.g., length of day in celery). 

The Prevention of Frost Damage. -TJiree geneial principles used in 
protection of growing plants froni frost arc. (1) conserving heat; (2) 
mixing or stirring the air; and (3) adding heat. 

Heat may lx: conserved by covering the ground or plants with glass, 
cloth or lath screens, pajier caps, etc., or by flooding, as in the case of 
cranberry marshes. Smudge fires of damp straw or manure are some- 
times used to ffirm a protecting blanket over the area. Chemical Smoke 
screens, fogs of moisture particles or chemical-bearing fogs have been 
suggested (Kxt, 1931). Devices for stirring the air with large power- 
driven fans have not proved practical. This leaved adding heat as the 
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really important method of protection of orchards or good*sized garden 
tracts. This may be accomplished by lighting a large number of snlall 
fires appropriately spaced throughout the area t > be protected. Various 
types of orchard heaters for use of either oil or solid fuel arc available and 
have been extensively used, with very satisfactory results. By the use 
of the healers, ihe temperature may be raised sufficiently (6 to 10®) to 
afford safety except m unusual drops. (Young, 1929; Schoonover et ai., 
1930). Potash fertilizers have been reported to give increased fn>at 
resLstance to potatoes (Wartenberg, 1929) and also to other truck crops 
(Wallace, 1926). 


WINTER INJURY 

Cold Injury to Harvested Crops.— I jOW temperatures at the end of 
the growing s^^ason or during ihe period of dormancy or storage may 
cause injuiy to root crops or fruit. The principal effects of exposure to 
low temperature are: (1) The turning sweet of such crops as jjotatoes, 
cabbage, etc., when the temperature does not go too low This gives a 
desirable flavor to cabbage but an undesirable one to potatoes. (2) The 
localized killing of tissue or an internal frost nerrosisj as illustrated by 
{K)tat<), apple and cabbage. The internal black spot of the last appears 
in some cases to be a frost necrosis, in others a suboxidation phenomenon. 
(3) Freezing solid, after which ihe tissues may become soft and w^atery 
with the rise in temperature and may suffer ready invasion by bacteria 
or fungi, or, in some hardy products, there may be a return to nonnal 
(see detailed consideration of low-temperature injury of potatoes, p. 171). 

Tjrpes of Winter Injury to Dormant Plants. — The degree of winter 
injury^ to perennial plants, either herbaceous or woody, varies from the 
nn>s1 acute effects resulting in death of the plant to localized injury affect- 
ing certain organs and evident by either internal or external changes, such 
as twig blight, dieback, root killing, bud injury, frost cracks, cankers, 
winter sun scald, crown or collar rot, lirle leaf and internal necrosis, or 
blackheart. 

Winter killing of winter annuals like wheat, spinach, onions, etc., is 
frequently responsible for heavy losses. In some localities which nor- 
mally produce winter wheat, 75 per cent of the fields may be killed out to 
such a degree as to neccasitate reseeding. It is the belief of the wnter 
that winter injury of wheat causes moi*^ ’oss in the Pacific Northwest 
than the very prevalent bunt or stinking smut, yet but little attention is 
being directed to this problem. The death of herbaceous perennials 
during unfavorable winters is of common occurrence. Perhaps the most 
numerous complaints are of losses to such crops as alfalfa or strawberries. 
Injured plants may be killed outright, while in other cases, with the 
advent of spring, there is still a faint spark of life and growth starts, but 
the vitality has been so weakened that death follows this last struggle for 
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survival. This is well illustrated in the strawberry, in which the roots 
and lower portion of the crown are killed while the terminal bud and 
some adjacent tissue remain alive. In the extreme cases, the buds 
start into growth, but there are no old roots to function and new 
roots are not formed; consequently survival is impossible. The exact 
behavior will dei>end on the amount of the crown that has survived 
the winter 

Trees and shrubs, including fruit, shade and forest plantings, fre- 
quently suffer severely during tests wintora, even in regions to which 
they an' jupposed to be adapted. When woody plants are apparently 
normal at the close of the growing season but fail to start into growth in 
the spring, the presumption is in favor of deatli by frei'zing A condition 
in apricot, almond and other stone fruits and more rarely in other than 
stone fruits, in which the tree dies suddenly as it is coming out in the 
spring, 1 *^ characterized by stagnation ami fermentation oi the sap m 
bark, cambium and young wood 'Phis so-called ‘‘ Si»ur-?>ai) ” dis^^aso 
but another type of winter injury. 

Twig Blight or Dieback. - Woody plants exhibit two general tvpes of 
twig growth. (Da definite <»r dettnmiiate annual gnovth, in which flu 
twig murnally completes Us elongatttui aiul develops jt- terminal and 
other biid.n by the end of the growing season, (2) indefinite or indeterrm 
nate annual growth, in which the twigs make no jin/vision for the wuntei 
but continue U> (^iongate unnl checked b> cold fiu' \a>uii^', lenmnal 
tender iiUetnodf"- of the latter are invariabl> kilhal }>', the early freez<*s, 'o 
that the new grc/wUh comes from lateral buds in tlie inon* basal jiails 
This min 1 h* illiisi rated by the behat/ior >f such plants a-^ the sumac, 
elder, mulberry, brambles, etc. Diebaek is then a noiuud plienonienon 
in woody plants having (ho indefinite annual growl h. In many w'oody 
plants of the delenmnale 1y|X', twig blight, or diebaek, mav aDr) occur, 
since all the twigs arc not always sufficiently matured to resiht uijuiv 
the tune oi the early winter freezes. In the majority of apjile tjef‘s, for 
example, there will be a limited amount of diebaek or twig blight alm<»r>t 
any season, but this is ignored unless it becomes more abiindanl and 
severe. When twig blight is general or wdjen the death <)f thi‘ iargi^r 
branches* takes place, the grower is rightly concerned with the da magi', 
because of Us effect upon production and the health of the trees. SjMaaes 
of trees which show a natural tendency to guminosis when tissues are 
« killed by apy mi^ns will generally show conspicuous gumming of winter- 
killed branches. This accompaniment of guminosis is very common in 
the cherry and other stone fruits. Twigs or branches that are killed 
back or very much lowered in their vitality are esvSily invaded by st'mi- 
parasiiic fuijgi, such as C'yt^»spofa, Nectria and similar forms. h>x»n 
silch a parasite as Spheeropsia malorum frequently starts its growth in 
winter-killed twigs or branches and then continues intj the living tissues. 
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Certain species of our fruit trees may show an inherent tendency to grow 
late into the fall without maturing their wood and consequently will be 
tender, Uut in others the failure properly to mature the wood may be 
induced by excess of soil moisture, overfertility of the soil or various 
cultural practices Dieback is not confined to deciduous trees but may 
cause severe injury in forest or cultivated evergreens. 

Bud Injury. — Injury to buds, especially flower buds, may occur 
independent of dieback or in connection with it. In general, fhe pistils 
are the most sensitive of the flower structures and may be killed or injured 
when other flower parts are uninjured. The winter killing of buds of 
the peach and other stone fruits is a fairly common phenomenon. FoUowr 
ing the injury, the interna) tissues will show a brown coloration, and the 
injure({ bud will dry up and drop off in the early spring. Winter injury 
of apple and jicar buds is not so common as in stone fruits, but it is 
probably more common than has been supposed, judging from the studies 
of Whipple (1912) in Montana. According to this author: 

. . th( inipoTtiiiit difforonce between winter-injured apple and |)ear fruit buds 
and those of stcuic fruits is that the former have other possibilities than the pro- 
duction id flowers, lu other words, when a fruit hud of the sUme fruit opens, it 
product? only flowers, no loaves or at best only a few rudimentary leaves. It 
seldom if ever, i)roduce.s an axillary gro»ving iioint. has no jKxssit^ilities other 
than the production of flow^ers and frint*- If the embryo flow’cr buds within the 
fruit bud are wint<^r injured, tlie fruit buds, except piissibly in the clicrrj^ seldom 
open Such injyiry could hardly escajx' notice. In the case of the apple and 
j)eai the buds do open after the flowTr buds inside them are killed The bud 
develops its? leaves and, in most instances, an axillary groAiin^ jHiint to continue 
the grortth of the ^pur The loss (lu flower Inids might ea^dy lie overlooked, 
and the injured fruit bud would, m sueli a ca.se, pass a l>raiich bud 

The degree of winter injury to apple ^ • jicar buds is variable, ranging 
from complete killing of all flower-bud tissue to lessor iiijiines which lead 
to the formation of flowTrs wuh malformed parts. Some of the effects 
recorded by Whipple are- flowers as full and doubU' as a rose jvithout 
stamens or pistils, others with pistils and stamens represented by narrow, 
ribbon-like {letals; pistils absent, other flower parts j^icrfect ; pistils and 
stamens both absent other parts perfect md f>etals absent but other 
parts normal. The deformed flowers in many cases were rj^ited tTi produce 
abnormal fruits, the principal effects being dwarfing, abnormal form and 
seedless or coreless types. The so-called “tomato” apples afford a 
striking example of fruit nudformation (Abell, 1927). 

The winter killing of fruit buds may result w’hen they are In a condi-, 
tion of nonnal dormancy, provided the temperature drops to a sufficiently 
low piiint. Normal ^lormancy is difficujt to define or determine, so it is 
hardly jKissible to specify absolute temix^ratures which will cause the 
killing of buds in any variety. While killing of buds may be the result of 
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absolute cold alone, in many environments it is more likely to be due to 
one or the other of the following; (1) early December freezes while the 
buds are still immature or not properly hardened; or (2) We freezes 
following unreasonably warm weather which starts the buck into activity . 

Root Killing.— Under certain conditions, trees may suffer from winter 
killing of the roots. It has been shown that the roots are more tendei 
than the parts above ground and that the small absorfang rootlets are 
less hardy than the larger roots nearer the crown. Localized or general 
root killing may result, and, if there is a general dieback of young roots, 
the absorbing power of the root system may 1)C seriously impaired, with 
the result that the affected trees make a poor growth. A more general 
killing of large roots may cause the wilting and death of branches or of 
the entire tree later in the season after it is in foliage or even after fruit 
has set. I\hile the young roots are the mosi tender parts of I he tool 
system, they are n(»t injured so fieciuently as the larger roots near the 
crown which are more hardy, because the former are generally deeper in 
the soil and consequently in a more protected |X)sition. 

It is well known that bare ground will free/e deeper than soil pro- 
tected by a snow cover or by a cover of ^vun^ation Koot injury is 
therefore most likely to occur in snowJ(^'^ or froni e\tr(,oies of 

cold when the ground is bare; it is aL^o esiK^cially fa\ored hy light, aniidy 
soils with poor water-ln^ldmg capacily. 

Frost Cankers, -Jxicahzod killing of the l>ark or of the bark 
cambium may lesult from low winter temperatures The dead areas are 
the most freciiient on tlie exposed face^ of large limbs, at the forks or 
crotches of the larger limbs, upon the soiPhwest side of the main trunk 
(winter sun .Ncald) or at the base of the trunk (crown or collar rot) 
Bark cankers may vary in size from oniall, circular or irregular areas on 
Umba or trunk to extended dead patches which may occupy one side of 
trunk or branch x}V completely girdle the bark The injured area will 
first show a deviation from the normal in color, and this is followed by 
sinking and cnichng as th(‘ dead tissue dries (ait Winler-injury cankers 
may be superficial, involving only outer poit ions of the bark, while others 
may be deep, involving the innei baik as well as the cambium, SufX'r- 
ficial cankers may cause but little injury, ‘ilthough they may offer an 
avenue of entrance for certain ^iingi, imt llio deep cankers are of more 
serious chai actor, as they may evimtually lead to ojx^n wounds which 
expose the wood and allow the entrance of w^ood-destroying fungi. 
Crotch cankers, winter sun-scald cankers, and collar-rot cankers are 
generally ejeep seated and seriously menace the life of trees (see special 
treatment of winter sun scald). 

Frost Cracks. — The splitting of triuks or large limbs of forest shade 
and fruit trees is not uncommon, but it appears to be least frequent in 
fruit trees. There are two forms of this type of winter injury: (1) 
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longitudinal cracks which extend radially from the bark through the 
sapwood to the center of f>he tree or beyond; and (2) '"cup shake or 
cleavage along an annual ring involving a small or an extended part of 
the circumference. The former is supposed to be due to a rapid contrac- 
tion of the bark and outer wood, as a result of a sudden drop in tempera- 
ture, while the warm inner wood does not contract; the latter, or the 
^'cup shake,” is supposed to be due to the sudden warming of the outer 



Fio. 57. — Section of tree trunk showing both longitudinal and radial frost cracks. {After 

Ncger.) 

layers of wood while the inner tissues are still cold. Frost cracks may 
cause little real harm if the separated tissues come together and heal 
without the entrance of wood-rotting fungi. 

The Little-leaf Condition. — Under certain conditions fruit trees, 
especially apples, show a trouble which has sometimes been called the 
'Titlle-leaf disease.” This appears to be a type of winter injury that is 
especially prevalent in orchards in light or gravelly s(jils with poor water- 
holding capacity. In this trouble, the tree may start into h'.af at the nor- 
mal time or with only slight delay, but single branches, groups of branches , 
or the entire tree may be so affected that the growth of^tlie leaf clusters 
is cheeked before full size is attained, and death results. In the extreme 
cases, the leaf buds burst the bud scales and ex{X)se tlie clustcrh of young 
leaves which may wither and dry up without any further grow^th. There 
are all gradations Ix'tween this condition and those which make a nearly 
normal development. Wilting and death may be delayed until the 
leaves are half size or even until later in the season, while in other cases 
the limb or tree survives but with foliage of reduced size and frequently 
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of ^oor color. This progressive death of branches as the season advances 
often leads orchardists to believe that an infectious disease is spreading 
throughout the orchard. This type of winter injury app^rs when 
there is an absence of any evident lesions on roots, trunk or crown (see 
also Crown or Collar Rot). These symptoms may result from nxit 
injury or when both rof)t.s and body tissue suffer derangement or when 
body vitality has l)een greatly impaired. It is perhaps contrary to the 
popular conception of winter injury that the death of parts should be 
delayed Until late in the season, but such Ix^havior is not uncommon in 
the less acute lyi’w's -'f injury An interesting case of the delayed effects 
of winter injurj^ was obseried in .some Wawshingtoli cherry orchards in 
1920 folloAMiig the severe freezes of early December in 1919. Just 
jirevious t(» maturity of the fruit or even later, the foliage wcmld wilt and 
dry up and the fruit shrivel Much of the fiuit from the^e trees showed 
a very poor keeping quality m transf)<;itatit>n to market, apparently 
suffering because of tlie weakened vitality of the trees. 

Blackheart or Internal Necrosis. -Vho ))ith and heart wood or the 
sapwood also may slu»w a pronouneed blackening following severe winter 
conditions 'Phis change may oeeiir without the killing of the cambium, 
W'hich wnll eontiniH* its activity and produce new healthy sapwood 
Blackheart may occur in either young or ('Id tro(‘s and is a vtwv eon^non 
condition in apple trees in the nortluTn range of apfde onltiiK'. Trees 
showing blackheart rnav continue for yeais walh little or no external 
evidence of the internal derange rnenl 'Tree*- whieli liave developed the 
intcrnjil necro.sis are very susceptible to the inroads of winxi-ck^slroying 
fungi, the necrotic tissue bring much less resistant to the advance of 
certain fungi than n()nnal wood Not all cases t)f blackheart are due to 
winter injury, since u appears to be a charaeleristic feature of silver 
when healthy nees are invaded l>y Sterenni purpureiitn It appears that 
essentially the same changes in tlie tissues may result from either fungous 
invasion or freezing A silv(‘ring of the foliage apj[K*ars to be one of the 
aftereffects in Uith ctises, vSilvermg of the foliage as an aften'ffect of 
winter injury has been noted in the apple. A pronounced case was noted 
in the prune orchards of the Walla Walla, Wa^h., district following the 
severe winter of 1919 and 1920 

Factors Affecting Winter Injury. The degn^e and th(‘ type of winter 
injury will<‘ I k' i/dlmmoed by the condition of the plant as well as by 
the combination of unfavorable weather conditions. It is not alone the 
absolute temperature or the iniminum cold which is of importance but the 
time in the period of dormancy wdicii the cold is experienced, and W'hether 
gradual or sfidden changes occur. Periods of zero weather in December 
are very likely to cause severe injury, Ix'cause the tissues have not yet 
become hardened by the longer action of moderate coW. Periods of zcni 
weather following*>moderate weather which starts tissues into activity 
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are also likely to induce heavy injury. The presence or the absence of a 
snow coVer at the time of the heavy freezes is also a matter of much 
importanpe. 

The type and the severit^^ of winter injury will be influenced by the 
following factors: (1) the species or kind of crop and the variety within 
the species; (2) the age in the case of j)erennial plants; (3) the degree of 
dormancy of the plant, as a w^hole, or of Sjf)OciaI parts at the time of 
critical teinpK'ratures. Some of th^^ factors which affeci not only <ior- 
mancy but other features which influence hardiness are: fl; kind or 
degree of pruning and time of pruning; (2'! the amount of crop produced 
the pre^/ioua season; f3) the heat and light incrime during the growing 
season, es{)ecially during the late fall; the physical characters of tiie 
soil and subsoil; the natural fertility of the soil or the fertilizing prac- 
tices; (6) the site with reference to sral moisture or drainage conditions; 
(7 1 the time r^f irrigation and the aninont of water used; (S) the presence 
or absence of cover cn.jif^ , (9) cultural practices, r.r?., tune of seeding for 
cereals r^r furrow seeding (Salmon, ]02l). 
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LOW-TFMPERATURE INJURY OF POTATOES 

Potau) shdots ore ospc'nnlly frosl soDsilive .ind are frequently killed 
by lati' spring or early fall A fiosl necrosis of leaves in the nnlurc 

of nujiuio blown sjxds on leavib olherwitse n(>nnal has been attrilmted 
to low tein}X‘ra{ ures (Maeinillan, IP20). (Irower-^, dealers and con- 
sinoers an pmbably more concerned with tlie eheids of low teiniKTa lures 
vii>oii ihe uibers, eiiher at rn., urily in Oie field, during late harvesting 
nr 'lUnng ston.go or transit to market. 

Symptoms and Effects. 'I’hree pnuninmit typ<‘S of injury to potato 
tubcTs rr.ay resiill Irorn iIk' action of low tcniperatures; 

i. Prtizing Solid.- 1'ubcrs held at a temperature at or below the 
ireezing point for potato tissue freeze solid either the entire tuber or, 
on (jTie side or ♦ nd. Tnbeis clos^ !<• the surface <4’ the ground yr slightly 
protruding arc ‘^oiiudimev cauglil by Die sudden (*:irly fi*oezes. When 
frozen (isvsu(‘s are kilh'd ami thmi (haw out, ileraan posit ions set in, the 
tissue become.'^ soflmed, ilie skin ia n.isoiami riqdured by gas accuinula- 
tioiis and a watery vxudate f»ozc.? out. d lie cidls ^)en^ath fhe skin are 
loosened by tlu' solution/)! the muidle lamella', and a cut surface iinnieili- 
atoly turns brown. In case of fiartial freezing, a dark line may separate 
the frozen tissue fiiun the normal. - In many cast»s, decay by either 
bacteria or fungi will set in, and the partially frozen tuberfe will be sUll 
more injured, while under oilier ciuiditions, the frozen tissues may dry 
out and shrink v?ithout decay and later may appear dry, whiter and 
more pow^dery than normal. 



172 


MANUAL OF PLANT DISJSASSS 


2. Turning Sweet . — ^Tubers which have been stored for a number of 
weeks at temperatures closely approaching the freezing point for potato 
tissue develop a sweetish taste. This turning sweet has been thought 
by some to be due to slight freezing and has been popularly termed ‘*chill- 
ing” While this sweetish taste may be objectionable, it causes no 
lasting injury, since the tubers will again become normal with exposure 
to higher temperatures 

3. Internal Profit Necro^s — Tubers which have been subjected to low 
temperatures but not sufficiently low or sufficiently long to freeze solid 
may develop internal discolorations or necrotic ar^as which are evident 



Fit, 58 Net and nng tyiwa of frost netrosis of potato 4 intense net discolorations 
m both medulla and coitcx, /?, intense riiij? t\IK^ somewhat complicated bv blotch ( 4/hr 
fontii r and I^ui 46 ) 

upon cutting into the flesh Three different types of discolorations have 
been recognized as due to loi\ temperatures (1 j the bloUh appearing 
as ovoidal or irregular patches ranging from a slight metjilhc tinge to 
opaque g/ay, daik brown or almost sooty black and locatt‘d most fre- 
quently in the cortex or in the vascular ring, although sometimes present 
in the pith; (2) the nng iifpCy characterize 1 by lesions in, or adjacent to, 
the vascular nng, making a continuous or broken ring, nairow and distinct 
*or broader "and iftore diffuse, and showing the same sliades of color as in 
the blotch type, and (3) the net tiypc, evident as a bi owning or blackening 
of the fine ramifications of the vasculai elements, so arranged as to give a 
broken, net-hke pattern, either exterior to, oi within, the vascular ring 
TJie internaPnecroses are most evident toward the stem end of the tuber 
and in slight injuries ma}^ be restricted entirely to that part. They 
are not indicated, by any external markings, and the mjury is generally 
evident only wh**n the affected tubers an' cut in two. 
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In severe internal necrosis, shriveling may be increased, internal splits 
or pits may form, while Fusanum dry rot may enter If dry rot proceeds 
to its later stages, the distinguishing symptoms of frost necrosis are soon 
obliterated^ (Jones et al , 1919) Blackheart (p 132) and other internal 
lesions may complicate those of frost necrosis Special mention should 
be made of the possible confusion of the net type with the hentable net 
necrosis of leaf roll and of similarities of the nng type to the bundle 
browning which frequently accompanies the wilt diseases In the case of 



Ft( Blotch type of froflt ntoioais of potato A longitudinal seotion if crow- 

tkftion shoMug intense \ atf< ular and (orm il blolchis that were «\nirn( on tht ext<n>r 
as i irk ircas ( \ f (r f )nts Milh'r and Hatfri/ 11 Hi HU 46 ) 

fio.st necrosis, some of the tubers will *-how one typo of lesion, wliilc other 
types will be found m other tubers of the same lot , hence the examination 
of a consideidble number of tuliers should make a diagnosis f uily mi iin 
Jn addition to the three of injim aheudv dtsciibed, low tem- 

j>eiatiires may be either directly or indiiectly le^putiMbk for injinv If 
immature potatoes which have suffewd skin injury in hir\( sting are 
stored at once at tempeiatiiics below 40°r , shii\(ding ind some bre.ik- 
down may follow, since wound cork will not be tcurrua? Stoijiig at 
^2 to 36®F \eiy fcoon after digging in i\ also ciuse daikc rung ind killing 
of buds or the weakening of buds with I >imition of '•puulling spiouts 
when growing conditions aie furnished, whjle in other c ises Mu re may lie a 
darkening and necrosis around the lenticels (Peacock and A\ngnt, 1927) 
“Contact frost injury may result from local freezing solid or local action 
of temperatures sufficient to cause necrosis, from contact with ice, frozen 
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solid tubers, ironwork in cars or from other objects that are very colcJ 
(Tucker, 1928). A killing of tops by a severe frost before maturity way 
be responsible for darkened, thread-like areas whieh radiate trom the 
stem end. 

The injury to tubers mteridod for table use depends on the extent of 
the internal necroses and the d#‘e:re( to wlrcli rot-producintc oreanisiris 
become established Frost -injured tubers are n(>t reliable for seed pur- 
poses, although the e^^es are niore resistant to frec'zm? injury thap the 
balance of the lubei tissue^ and will not be tilled 1 a inild injury. Badly 
frosted tubers give an unsat isfaetorv rmiriauon, while even moderately 
frost-injured tubers show' fl) slower growth of the sprouts and (2; greater 
liability of the seed pieces to rottini: before the yountr plant*? have liecoinc 
well established on their own root system. 

Etiology.— The fre.ezing poin^ of potatoes is below that of water, 
since their sap is a solution of salts, sugar and vari(*us other soluble 
materials. It has been shown that the expressed sap freezes at a point 
closer to 32®F, than the potato tissue itself (30 8^F. Mccording to Muller- 
Thurgau, l8vS0j. The actual freezing ])oint of potatoes varies with the 
variety and wnth the condition of the tulx‘rs The freezing point for 
potatoes during storage has been given as 28 20°F, by Appleman 

(1912), while Wright and Harvey (1921) dclernuned th( freezing point of 
18 different varieties by tlie thermoelectric method to vary from ifc ^6 to 
28.13^F. It was also shown that the freezing point tends to rise as Hie 
season advances and that early and midseason varii‘tK‘S have a higher 
freezing point than late varieti(‘s. Potatoes, like other plant tissue, nuisl 
be undercooled before they will freeze; z.e., the temperatures must 
fall below the actu<il freezing point beff»re the formation of icc crystals 
begins. The temjicnilure then rapidly rises to the freezing point. Tho 
undercooling range is variable 4iiid depends on the variety, the rapidity 
of the temperature fait and the air temperature. This lua}’' be illustrated 
by two cases, one showing undercooling to 20 2° F and freezing at 
29.15®F., while the other undercooled to 23"'F and froze at 29.15®F. 

As tyidercooliiig advancp*-, tiic .stahilit^ tin liquid state of the sap within tlic 
tissue becomes more and more .straiiie<i until a [Kunt i- rf^acln'd whrn the slightest 
perceptible jar will tenninato the undei cooling and freezing will i)egin instantly 
(Wright and Harvey, 1921). 

Bui unaercooling may be terminated at any temperature lielow the 
freesdng point. 

The turning sweet of potatoes may he noticeable at 35°F.,.but it has 
been sho^m to take place most* rapidly at the freezing point of water or 
^ below (Appleman, 1912), when the temperature docs not drop sufficiently 
low to cause freezing solid. This change is due to the gradual transforma- 
tion of starch mto sugar which, with the retarding of the life processes, 
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accumulates in the cell sap. Thi«j increased concentration of the cell gap 
may have a protective value by lowering the freezing point. When 
potatoes^which have turned sweet aie aj^ain exposed to higher tempera- 
tures (lo“C. or more), resjiiration l)ecomes more active and the sugar is 
consumed. Sudden lowering oi th^' temjicrature will not cause potatoes 
to become sweet, but they must be exposed to unfjn-orable tem|)eraturefe 
for a fairly extended period, as the sugar accumulation is a slow process. 

The various tyj'ie^ and patterns of internal discohirations which are 
charactenstic of frost necrosis in potatoes undfT storage conditions have 
been produced experimeni dly, Aecording to Jones el al. (1919): 

In general, frost necrosis will appear in at least a jirrtinn of tubers which are 
su) lected to £ teini^erdtiire of — lOT for 1 luair, to - for ‘J hours or to 
- . or slightly lowei temperature^ for several hours 

This conclusion was based on tests made with the Rural New Yorker. 
Wright and Taylor (1921) using seven diflFerent vaneues at 28®r. found 
veiy little internal nccrosit? \itb exposures up to 48 hours, but. with 
eKf)o?ure for 70 hourr>, 81 pe^r teni show'ed injury. When held at 25°F. 
for 7 hours, there no injury, but for 19 hours, 16^3 per (cnl were 
injnre<l foi 21 hours, 10.7 per cent; while exposure for 43 hours injured 
M\er ,V2 per eeiu, a few being frozen solid 

FnTsl neer )sis i? duo to localued formation of ice (T>\'^tuls with the 
rc'^iilting death of the cells. 

Since the h*'-ioris of frost nocrou^ result directly from the oxidation of cells 
kill.Ml duimg tlx freezing ]jroo<^’ss, tlic\ aie not fvident in tubers when they are 
hrst rcniov(‘(l from tlic f'rcczmg ciianil)<'r l)ul appear only after such tubers have 
been exposed t(/ warm air for several laiur^ Moiie^ r( al., IhlD). 

Aerurding to these authors, the colv)r changes which occur during the 
oxidation process 

range through pink^, browns and gr.ays and soei.i to develop simultane- 
ously tliroughout the injured tHsues, Tlic tinic required for the ultimate dark 
color to be reached depends in part iqion the an temperature, thus, at ternpera- 
turcF of 10 to lo°C., from 10 to 12 hours ^Ae^e rc(iujrcd, while at 2o to 30°C., only 
o or b hours were necessary. There wa^ no evidence that tlio rate ohthaAving 
influenced the rlegrce of irqnrA nor that ti^vues which had received severe freezing 
injuries blackuied more rnjndly than did thovse wnth lesser injuries. 

The act of terminating the undercooling process after the freezing 
point has been passed, by some mechanical means, su^ as "jarring or 
tapping, has Ixicn termed ‘'inoculation.” The closer the temperature is 
to the actual tein|)erature necessary for cryplal formation the more easily 
does inoculation take place. “When undercoolcd, jarring resulting from 
?‘<iugh handling or incidental to hauling is liable to cause potatoes to 
freeze” (Wright ai^ Tfiiylor, 1921). This effect of jarring has been 
shown by cxjDerimental tests in which undercooled potatoes were dropped 
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certain distances. When undercooled to 28®F. and dropped 2 feet, 
potatoes bniised badly and showed severe freezing injury; t^ut when 
dropped I foot, they did not bmise but showed freezing injuiy; while 
when dropped once 6, 4 and 2 inches, no injury resulted; 4)ut when 
dropped six times, frost injury followed. When undercooled to 25°F,, 
])ofaioe8 are more sensitive to jarring than they are at 28°F. The danger 
of handling potatoes wlien undercooled is illustrated by the severe freezing 
injury which resulted when sacks of potatoes held at 28°F. were rolled 
across the floor a distance of 50 feet. 

Prevention of Freezing Injury. -Tuber injury may result from low 
temperatures before digging or during storage or transit to market. The 
following preventive features may be emphasized: (1) Dig the crop 
Ubfore severe frosts. (2j Maintain the temperature of the storage room 
as nearly as possible l>etweeii 35 to 40'" F. This will prevent the potatoes 
from turning swch^I and also will prevent int/ornal necrosis. If potatoes 
are not handled, little or no injury will result if the temperature drops 
for some tune to but p<jtatoes held at 32'"F. have given poorer 

results for seed (^Wollney, 1889) than (hose stored at higher tempera lures. 
(3) Potatoes shipp(‘d during cold weather should be provided with 
artificial heat and should be so loaded as to provide for a free circulation 
of the air to all portions of the car (4^ Avoid the handling of under- 
cooled potatoes mitd the temperature has risen above the freezing^iint. 
(5) The types of freezing injury w’^hich result from immediate storage 
at cold-storage temperature may lie avoided by holding in preliminary 
storage at higher tern jieratu res. This protection has been afforded by 
3 weeks at 40 to 50°F. or 7 days at 60 to 70°, after which storage at 32° 
was safe. In cases of lieavy freezing injury, it has been shown that the 
affected pf)tatoes are still of value for the production of starch, as freezing 
does not affect the -starch grains (Kdson, 1918). 
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FREEZING INJURY TO FRUIT 

Freezing injury to nuiTure fruit inuy result IxTorc it liius been removed 
from the field to the packing plant, in common or cold stora^^e or during 
transit to market. 

Fr(*ezing injury does not always occur when Iruit oi vegetable products are 
exjxLsed to tt'injieratures at or below their actual freezing jxuntv. Under certain 
eonrlitions, ninny of these jiroducts can be undercooled, i.i., cooled to a point 
belnw the true t(*iu|M rature of (Nicb and again warmed up without frf^c'ziug 

and without ajiparent iiijurv (Vrtaiii produ<'t-« under ccvtjdn conditions may 
be actually Irozcn and tlien thawed out witluat apparent injury wliile. on tlie 
othei lian(l,.M)nie products ftii‘ injured if ‘-toK'd at icniperatures well above tlieir 
actual freezing [loints (Wright and Taylor, 1923) 

Apples.- The freezing point of apph's has lK*en .shown to vary from 
20.87 to 30.10''F on the basis of a large number of determinations on 
10 varieties ((^arnck, 1924). The average freezing point for a large 
number of varieties from eastern and western orchards Ikis be^n placed 
at 28.5®k\ (Diehl and Wright, 1924). Undercooling may sometimes 
be as much as 7 to below the freezing point without causing ice forma- 
tion if the apples are not disttirlK^d. Ixiw'-tempt'rature injury to apples 
may he invisible or visible. S^ime of the effects of freezing are d) 
changes in composition, flavor or texture; (2) increased injury from 
bruising; (3) increase of susceptibility to deeay-jiroducing organisms; 
(4) premature physiological breakdown, possibly as a result of increased 
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respiratory processes; (6) discolorations^ both internal and external, in 
moderate injuiy involving only vascular necrosis or skin discolorations; 
(6) moderate or severe disorganisation of tissue resemblinir maturity 
breakdown. 


A type of freezing injury different from anything known in apples has recently 
been described for pears (Hartman, 1931). The injured pears have a glassy, water- 
logged appearance, the water-logged tissue being located in the outer portion of the 
fruit or sometimes also within the core, wdiile the intervening portion is dry and pithy. 
This injury is reported to be eaused by long-continued freezing (4 to C weeks) at 
temperatures ranging from 23 to 27‘'F. 

Tomatoes. — Many cars of tomatoes are shipped each year from south- 
ern points during the freezing temperatures of winter and early spring 
months. The average freezing point of 19 commercial varieties was 
found to be 30.-46®F. (Harvey and Wrigld, 1022). Considerable under- 
cooling (to 22.63°F.) may take place before actual freezing. The first 
visible sign of freezing to death of fruit tissue is the appearance of small 
or extensive water-soaked spots or an‘as. Fruits do not freez(‘ so readily 
as the foliage, and those in e(/ntnct with the ground may be less injured 
than those free from the soil, 'IVmperatures which liav(‘ not been suffi- 
ciently low to cause immediate injury may be df'iriinental. Tlimafoes 
held for 4 days at 32®F. showed no injury, and rip(‘Tnng jirocecnled nor- 
mally when exposed to room temperatures, but longiT exposure's (8 days) 
lead to breakdown and decay (Diehl, 192*1), A yellow blotching of fruit 
several days following a severe frost has be'en noted, and apparently 
uninjured fruits picked following a frost have been reported to decay 
more than normal stock (Wright et aLy 1931). Chilling of green tomatoes 
(even at 25®F. for IS to 21 hours; 5 to 8 days at 32*^; or 11 to 15 days at 
40^F.) does not prevent normal ri])(*ning whenYemoved later to higher 
temperatures, but ripening may be di'layed. 

Grapes. — -Tlie range of freezing points (Carrick, 1930) has Ix'cn given 
as follows: J^mperor, 23,03 to 28.G(rF.; Flame Tokay, 23.85 to 27.66'^F.; 
Malaga, 24.47 to 28.0fi°F. The average uiHk'rcooling for the three 
varieties was 5.22‘^F. The efTeets following freezing and subsequent 
thawing are: (1) Color changes: the Empf'ror is darkened and is 
more translucent and water-soaked toward the stem end; the Mal- 
aga becomes darker green and, witli severe freezing, a distinct brown 
sometimes as deep as russet. (2) Wilting and visrositg of skin: slight 
wilting to pronounced wrinkling, the dc'gree varying wath the severity of 
the freezing, is a marked feature. The viscosity of the surface is clue to 
the exudaflion of sugar. (3) Texture and flavor changes: crispness and 
turgidity are reduced, and with severe freezing the berries become w^atery 
and insipid. (4) Susceptibility to decay: increased susceptibility to 
Botrytis infection is an after effect of freezing. 
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CROWN ROT OF TREES 

• 

The term ‘'crown rot'* or ‘'collar rot** is used to designate a bark 
disease in which the primary lesions are located in the bark of the basal 
pari of the tre(' trunk or on adjacent portions of the large roots. Split- 
ting and death of bark are followed by decay, and the affected tree may be 
partially or cc mpletely girdled, resulting in serious derangement of func- 
tions or in death. 

S 3 rmptoms and Effects. — The xnost striking symptoms of crown rot of 
fnnl trees can lx: noted during the growing season following the dormant 
stiason in which the initial injury occun.d. Following are the notice- 
able features: (1) a scant foliage wdth leaves of small size; (2) pallor or 
chlorosis of the foliage; and (3j a sickly coloration of the bark of trunk and 
limbs, especially in smooth-barked species. In the apple, for example, 
the bark assumes a reddish-yellow cast which makes it possiblc-easily to 
pick out the affected trees from a distance. A portion of the tree or the 
entire tree may show the symptoms of the disease. 

The symptoms dc8cribe<i are practically certain indications of the- 
presence of well-develofK'd lesions at the base of the trunH or on the larger 
roots, when* bark will bo found to bo dead and discolored, either on one 
side of the trunk or completely encircling it. The bark soon becomes 
sunken, craekvS or fissures nuiy appear and during the progress of the 
season the dead bark disintegrates and weathers away somewhat aifd 
finally the underlying wood may be inorp or less exposed. The injured 
bark may be largely at the ground line and below, at the junction of large 
roots with the trunk, or it may be at the ground line and extend 12 to 18 
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mrhefi or more up the trunk. Kspecially in portions of lesions protected 
by the soil, the outer portion of the bark nray be left intact while the inner 
|X)rtions may disintegrate into a granular mass which becomes powdery 
when dry. The wood iM'neath affected bark may become brt)wni8h or 
even charred in apix\‘irance. liesions may extend gradually, advancing 
downward most rapidly, less rapidly upward and rather slowly laterally. 
If bark disintegration is checked, callus may b<' formed, and more or less 
healing of the wfuind may follow. In somi' case-s, all of the bark is not 
killed dovm to the cambium, and under favorable conditions regeneration 
of tissue may occur in sufficient amount to prevent the development of 
an open canker. 

'The final result of crown rot will depend on the depth and surface 
extent of the lesirins and probably also on the soil and moisture conditions 
which prevail during the season following the initial injury, while the 
abundance of wo{)d-destroying fungi in the environment may play a fieri. 
In the severe tyfie in which the bark is killed down to and including the 
cambium, serious results ar(‘ likely to follow. Complete girdling will, of 
course, prove fatal unless bridge grafting is resorted to, and cankers 
involving three-fourths of the circumference of the trunk will cause 
serious interference with tfio life of the tree, ("ankers involving only 
part of the circiirnferenco may be extended tlio next season and cause 
complete girdling, or the advance mav bo ch('ckod. 

Etiology.- A survey of th(‘ literature eonccrning collar rot shows that 
troubles having very much the sariie synif)tonx)logy have been attnbutt^d 
to a variety of causes Most of the evidence points to the fact that the 
disease in the majority of cases is but oiiejihase of winter injury somewhat 
akin to winter sun scald and crotch cankers, ("ollar rot or root rot may, 
however, occur iiido|X'iidcnt of winter injury, sometimes being due to 
bacterial invasion (s(‘e Fiie Blight) or various fungous para.sites vsec 
Mushroom Boot Bot). ileaddon (1908 1910) in ("olorado h;is attributed 
the trouble to arsenical fioisoning, wdiile alkaline irrigation water has Ikmui 
l(K)ked upon as an inducing factor or as Cimtnbutmg to the |)r»*vention of 
healing after the lesions have been forme<i by other agents (Ilotsoii, 1920). 
There is*no doubt that wood -n it ting fungi play a secondary part by invad- 
ing the wounds, whatever tlieir pninary’^ cause may l>e 

The conclusion that most cases of crowm rot of fruit trees are due pri- 
marily to^low^ jjcunperat tires and excessive or late fall growth is based 
largely on field observations ((Irossenbacher, 1912; Thomas, 1926; 
Magness, 1929) rather than on ex|X‘rmienfsil evidence. It has been very 
definitely shown that the early stages of the crown rot originate during 
the winter dormant season. *The first visible stages ^'consist of dis- 
colored and often ruptured tissues variously distributed in streaks and 
patches in the bark,” and tliis condition can bc' foui^d in the late winter 
and spring. The progress of the trouble following the initial injuries is 
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rather varied, and tiie tissue chanj^cs are somewhat complex. The initial 
injuries may be outgrown, or typical cankers of severe type may develop. 
'Fhc non-parasitic character of the disease is supported by the fact that 
no organisms of any kind arc commonly found in young lesions. The base 
of the tree trunk matures its tissue more slowly than portions higher up 
and consequently is susceptible to injury from freezing in the lat^e fall or 
early winter. Crown rot is, therefore, believed to l>er an early form of 
winter injury, in contrast to sun scald, which is a late winter or spring 
form of injury. 

Prevention and Treatment. -There is no possibility that crown rot 
can lx* ('iitirely prevented, but aUention to cultural and irrigation prac- 
I ices will gi\ e some relief. Kffort should be made to keep 1 rees from grow- 
ing to ' rapidly or too late into the fall in order that they may not be 
subjeeted to unfavofabie ternfKTature when the bark is still immature. 
It lijis also* been suggested that Vc^rieties of trees which are subject to this 
tyjio of winter injury should be headed low regardless of the inconvenf- 
icnces which may be experienced in cultivating. The swaying of young 
trees by the wind is lielieved to play some part in the production of the 
initejl injuries; hene(» windbreaks might prove of sfx^cial value in lessening 
the disease. 

Ir orchards in which erowm rot prevails or when conditions have been 
such as to indicate the probable occurrence of the disease, the trees should 
l>e t\\amin(‘d during the spring and early summer for indications of bark 
injury at the base of the tree trunk. In ease such injuries are found, the 
soil should l)e removed from contact willi the injured portions, and all of 
the (k'ad baik cut .out, 'The cut surfaces should then be treated with an 
antiseptic and waterproofed, or . combined antiseptic and waterproofing 
treatment may be substiluted. Waterproofing alone, using coal tar or 
grafting wax, would be sufficient if one c( dd l)e certain that no organisms 
were coricf rued In ca.ses ()f conqdele gir.Iling or when the le.^ ions involve 
a large* part of the circumfdence, trees may be saved by resorting to 
bridge grafting or perhaps in ()th4‘r cas(*s pref(*rably by approach grafting 
(Thomas, 1926). It has l)een shown by more recent work thaUuncover- 
ing tlic injured crown not only offers better conditi<»ns for healing follow- 
ing injury but increases the resi.stance < • 'he exposed parts to freezing 
injury (Magness, 1929). This gives support to tlie idea that in}ur3»^ 
might be avoided by guarding against too deep settiAg of^trex's wher 
planting the orchard. Mcxleiate pruning and removal of fruit are also 
believed to facilitate recovery. 
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WINTER SUN SCALD OF TREES 

Bark injury on any portion of a tree may result from the freezing to 
death of the tissues, including the primary cambium and the external 
parts, or in superficial cankers the primary cambium and inner bark cells 
may escape injury. When the bark injury is localized, more or less 
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well-defined dead areas are formed, which with cracking and peeling of the 
dead bark may become open wounds or cankers. These cankers most 
frequently occur on the southwest face of the tree trunk, from the ground 
up, on the sun-exposed surfaces of large branches or at the junction of 
scaffold branches with the main trunk. Whenever the freezing injury is 
locahzeJi on sun-exposed surfaces, it is classed as “winter sun scald, a 
term used to distinguish the trouble from summer sun scald due to the 
killing efferct of high summer temperatures. Sun scald of some thin- 
barked trees from overheating during the intense sunshine and high 
temperatures of midsummer, coupled with drying out of the tissues, does 
Vtidoubtedly occur, but winter injury is probably a much more common 
cause of cankers, on both fruit and forest trees. 

S3rniptoms and Effects. — The early stages of winter sun scald are 
frequently not f)bserved. Following the period when the injury occurred, 
the affected bark may appear dull or discolored, and there may \)e some 
shrinkage due to drying out of the tissues. Soon the bark will be found 
to be loose from the wood, and the brown, dead portions can be readily 
peeled away from the underlying wood, which may also be discolored. 
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In the more severe types of injury, the bark may split and crack quite 
soon, or this may be somewhat delayed, but the final result in the undis- 
turbed cases will be the weathering and peeling of the bark to produce 
more or less of an open wound. In the more moderate types of winter 
sun scald the injury may be confined to a narrow strip on the southwest 
face of the trunk, while in more severe cases the bark may be killed for 
nearly the entire circumference of the tree. The immediate injury will 
depend on the extent to which girdling has been completed and the fune- 
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iionnl activity of the reniamine; portions lowered The most severely 
^im-scal(lf‘d trees may die later in the season; while in those less s('verely 
injured, healing wall take place and the trees may survive if tb<^ entrance 
of wood-rotting fungi can be prevented Tins secouilary injurj" from the 
'uitnince of wood-rotting fungi is a very fr‘h*ful cause of the final decline 
of trees. The disintegration of the wood by fungi which enter through 
sun-scald cankers or crotch cankers may so weaken a ttee that it goes 
down during the stress of wind storms 

Etiology. — It was at one time bedieved that winter sun scald was due 
to the rapid thawing of the frozen tissu/* on the sun-exposed face of the 
tnink or large branches. The present opinhm is that the injury is tht 
result of the direct freezing to death of the tissue. This conceivably 
might result from or the other of two ways or by a combination of 
these: 
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1. An increased ienderiiess in the tissue on the sunny side of the trunk in 
late winter causes it to kill at a temperature not low enough to injure the still 
dormant tissue of the shaded aide 

2 The tissue on the sunny side kills at a higher temperature, due to the more 
rapid temperature fall that may take place after a cold, sunny day in lator winter 
(Mix, 1916) 

As a result of freezing tests earned out by Mix, the conclusion was 
reached that apple bark on the southwest and on the northwest sides of 
the trunk show’ed nv appreciable difference in hardiness and that there- 
fore the view thal the warmth of the sun, by promoting metabolic 
activities, caused increased tenderness must bt' eliminated as the 
cause of sun scald It is of interest to note, however, that trunk 
tissue from all sides gradually becomes more tender as the end of (he 
donnant season is approached This w^ouJd suggest that sun scald is 
more likely to occur in late winter or spnng than m the early part oi 
the dormant period. 

The view that freezing to deatt is due to a rapid temperature fall 
consequent to a w’arming up of the tissue above freezing by the rays of 
the sun on a bright, cold day in late winter is supported by observations 
and experiments (1) the higher day temperature of the southwest side of 
tree trunks as contrasted with the northeast side Varying from a^slight 
excess to a maximum of 20° or more; (2) the equalization of temperatures 
on both sides during the night penods; (3) the increased killing of bud'^ 
or twigs knowm to result from rapid freezing as contrasted with slow 
freezing. On the basis of these facts, winter sun scald supposed to 1 m' a 
late- winter injury. It is not the result of increased sensiti\(‘ness duo to 
late growth or failure of tissues to mature but is hk(dy to occur any 
season whenever the rate of temperatun* fall on the suii-e\posed sule is 
sufficiently rapid following the W’arming up by the wanter sun, tnd the 
minimum reached is sufficiently^ low 

Prevention. In many regions, waiter sun scald may be of ^uch rare 
occurrence that prev(*iuive measure^ are not justified. In those regions 
where sun scald is freipient, practices may be followed which will prevent 
the excessive heating of the sun-expovsed bark. This may be accom- 
plished in cither of two ways: (1) by shading to protect the bark from the 
direct action of the sun; (^r (2j by' modifying the absorption of heat 
<^ivith full eitpo«u|^e. The use of b(»ard or lath screens has been recom- 
mended with trees that arc headed high, while very low heading of trees 
has been practiced as a protective measure with some success. 

Spraying or painting the trunk and large branches with whitewash 
has been quiic generally recommended for nort hern regions where winter 
su'h scald is common. The protective effect is due to the fact that the 
whicewashed bark does not heat up to such high temperatures as normal 
bark during the warm winter days. In the treatment of sun-scald cankers 



DISEASES DUE TO LOW TEMPERATURES lftr> 

by the removal of all dead and decayed bark, the recognized methods of 
disinfection and protection of the wounds should be practiced. 
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CHAPTER IX 


DISEASES DUE TO UNFAVORABLE LIGHT RELATIONS 

Before (‘Oiisi(iering the ways in which disturbances of the light relation 
may bring about derangements in the life of our cultivated plants, brief 
record should be made of tlie part which light plays ir some of the impor- 
tant phvsiologieal pn^et^ses. 

The Function of Light in the Life of the Plant. Light is essential 
'"wnli few I'xceptionh) to the form.ation of tlie green pigment, chlorophyll, 
•uid furnishts th(' power or energy by which the chlorophyll apparatus is 
able to use the cnidi materials, earlnm dioxide and water, in photosyn- 
thesis, or the construction of carbohydrate food. The output of our 
plant Fae(on(‘P depeoils upon the intensity, duration and rpiahly of light; 
h(‘n(‘<^ it must be evident that the amount <»f j)lastic mat(‘na! available in 
plants for assimilative ami growiii proecr-ses a dofifiite relation to 

ilhirninat ioih 

Tlial light has a direc*! ('ffecf uf>on living* pro^oj^lasm is evi<](*nc('o by 
various lieiiot r<»pic curvatures mo^ etnents >f plant organs, wiueli diri'ct 
them eitluT toward or away from the light, by hehotactic movements of 
irmtile plant protoplasts or by intraeei’ular changes wuh variations in 
tlie intensity of light. Since ]»rotopl‘ism exhibits a ma^kfal sensit ivenes.s 
to light, it IS only reasonable to ex|>eet that growth will be atTeete<l by 
light conditions (iiowth is favored by ilinumi'lied light intensity and 
retarded by bright illumination. During (he dayliglit {>eno<l, the energy 
of the plant is directed to the work of food mamifaeture; whik* vluring the 
night period, jihot ns vn thesis ceases, and tlie reserve of plastir materials 
which was aecumulated is available for constructive w'ork. Ordinary 
daylight does not cause <i cessation of growth but merely a retardation 
This behavior is illustrated by the growth incnuiH'nts of certain organs 
wdiich in darkness may be more* than double those for similar periods of 
ordinary daylight. While light is not tx^sential to the germination of 
^lost seeds, it is the stimulus that in some cases unlocks the chemical 
changes thaf inilmte giTniinotion. 

Transpiration is a third physiological process affected by light. The 
effect mav be either direct upon the living substance or upon the cell 
machinery or indirect by modifications of the plant structures. Since 
trjfnspiration is not comparable to simple evaporation from an exposed 
water surface but is a process controlled more or less hy^ the chemical and 
physical properties of the protoplasmic body from which the moisture 
must be withdrawn, light may affect transpiration by modifying the 

186 
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permeability of the protoplasm and thus accelerate or retard the process. 
By affecting the osmotic pressure in the guafd cells or adjacent epidermal 
cells, light may cause an opening or closing of the stomata and thus 
promote or fetard stomatal iranspiratioriy while cuticular transpiration will 
be influenced by the thickness of the epidermal walls, their cutinization, 
the character of the cuticle and other structural features which are 
modified by light intensity. 

Shade Plants and Sim Plants. — Brief reference may be made to the 
fact that some plants in their natural habitats may be able to make their 
be^t growth only when exposed to the full int^"nsity of normal light, while 
others thrive best in partially shaded localities in which the light is of 
moderate intensity. Thus we may have sun plants at one extreme and 
shade-loving plants at the other, while others are less sensitive to their 
light environment. These natural peculiarities must be taken into 
consideration in providing favorable conditions for plants under cultiva- 
tion. Shade-loving plants ihey suffcT injury if exposed to the full inten- 
sity of the sun, or sun plants may make a poor growth if planted in poorly 
lighted environments. Be(*ause of the injurious effects of intense light 
on the seedhngs of coniferous and ooine other forc^st trees. Intli screens 
are used in forest-tree nurseries to give approximately half light. 

General Effect of Light Deficiency.— For a normal thrifty develoj)- 
ment, a certain intensity ami duration ai light an* essenti.il. It difficult 
to fix upv>n any definite optimum, but it rnuM be recognised that when the 
light income of a plant sinks below the minimum n*quirement or rises 
above a maximum, the plant will cease* to thrive Ttie optimal light 
income denotes the amount of light (ment'urod by intensity and duration) 
which wdi nduce the best growth r produce a type t)f (ie\elopuKnt that 
is most nearly normal. A.s tlie light income drops from the* nniiimum to 
zer(» or curnplele darkness, the plant may unrieigo gradual, ftirnidlive or 
structural changes, including alteration t * color and peeuliaiities of 
^t^uclure which are characteristic of the condition known as oiiolatiun. 
The sickly ytllow plant that lias been entirely deprived of light represents 
the extreme of etiolation, while, with exposure to light, the symptoms 
become less and less evident until normulity iS altame*]. 

The changes which are ( haractenstic of etiolation 'iie as follows. (1) 
the abnormal elongatior) of stems (mternodi , and p€*tiol(*s or of leaves 
^hat are uonnally elongated and have a basal or intereah^,ry njeristem, 
hus producing shoots that may be characterized as '‘spindling.^' This 
Tiodification occurs in plants wuth stems that are normally elongated and 
ilso in those of the rosette habit. (2) The pronounced reduction in the 
5ize of the leaves (shade leaves in many cases are larger than si\n leaves) 
This feature is characteristic of dicotyledons, while monocotyledons 
generally show an elongation and narrowing of the leaves, although 
deviations from this behavior may be found in both groups. ( 3 ) The 
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reduction in the amount of chlorophyll or its complete disappearance 
(in darkness) and consequently the slowing up of photosynthesis or a 
complete cessation of food manufacture. In complete etiolation, growth 
can continue only at the expense of food reserves of seeds, modified stems 
or other storage organs. It should be noted here that etioly ^ n is not 
the result of a checked or inhibited photosynthesis, since plants will not 
make a normal development in darkness even w’hen supplied with an 
abundant reserve of plastic food. (4) The suppression of the reproduc- 
tive fuiKJtion, as illustrated by sterility, lessened flower formation or the 
complete absence of blossoms as a result of shortage of food. Plants like 
hyacinths, tulips and narcissuses, with an abundant food reserve, will 
.develop ^nearly normal blossoms in complete darkness. (5) A soft or 
succulent type of growth. While the stems are more slender and leaves 
thinner, cell w'alls are more delicate, and there is a poorer development of 
mechanical tissue. The general effect of diminislied liglit is to cause a 
poor development of the palisade parenchyma of leaves, so tliat shade 
leaves may not be more than half as thick as those develoijed under 
normal illumination. 

Plants grown under poor light conditions wilt more readily than nor- 
mal plants when exposed to bright light. I'his may be illustrated^by the 
l)ehavior of cucumbers grown under glass. 

Plants grown under the i)()or light coinnion to November and IVceinber liave 
leaves of poor color, slender and elongated ])etioles and little mechanical or resist- 
ant tissue, and when subjected to the bright sun in the early spring every plant 
in the house will wilt (Stone, 191. '^). 

Poor light, or “partial etiolation,’' renders plants more susceptible lo 
the attacks of fungous diseases. Undoubtedly the host modifications 
play an important part m this increased susceptibility, wliile at the same 
time the reduced light intensity offers conditions more favorabU* to the 
growth of fungi. The light factor is not the sole favoring condition, for 
diminished intensity of* light is generally aceonipaniod by increase<l 
humidity of air, which may also affect both host and parasite*. As an 
illustration, it may be noted (hat lettuce giowii under glass sometimes 
suffers severely from leaf blight and sl(*m rot, <lije to Botrytis, during tlu* 
dark, cloudy days of winter, wliile the trouble may largely disapfx*ar witli 
the advent of ffliys of continuon.s sunshine Lack of light together with 
excessive moisture increases the susceptibility of foliage to injury from 
fumigarts— c.f/., burning from hydrocyanic acid gas while insufficient 
light income has an imp<jrtant bearing upon one type of sjiray injury 
(see Lime-^ilphur Injury, p, 230) Iiisuffi(*ierit light produces a type of 
growth in which maturity is delayed, and consequently winter injury is 
more likely. It seems that winter injury in .some envininrnents is 
accentuated not alone by the moderate temperatures of the fall preceding 
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freezing weather but also by the lowered light income due to cloudy, foggy 
weather. . 

Etiolation in Horticultural Practice. — While etiolation represents a 
derangement of normal physiological processes, it may be utilized to 
produce desirable mcMlifications of behavior or to i oduce structural 
modifications which render the plant more desirable as a commercial 
article. Hyacinth bulbs planted in flower pots in the fall sometimes 
show a delayed development of the leaves and the flower stalk, which 
remain short. This may be prevented, in part at least, by covering the 
bulb and bud wdt h a cat) of dark paper, which will exclude the light . This 
induces etiolation, and, as a result, the leaves and flower stalk elongate. 
Similar use may be made of withdrawal of light to induce the formation 
of blossom shoots in other plants. 

Kti(»iation or blanching gives a desirable quality sought in certain 
vegetables -e,g , asparagus, endive, celery, French globe artichoke, head 
lettuce and cabbage The etiolation may be induced by depriving the 
parts to be blanched of light; but in numerous cases, cultivation and 
sel(H*tion have produced varieties that arc partially self-blanching, the 
failure' to green becoriiing a hereditary character. Etiolation improves 
or modifi(‘s tlu' flavor and produces crisp, juicy and tender tissues, a 
desiraW(' fc'ature, (\s})ecially in salad plants. 

General Effect of Intense Light.— If plants are in danger of sunstroke, 
<hcy are not able to flee to a shaded or secladed si)ot where the light is less 
int(‘nse, but I hey do, by certain habits or by active responses, shown, 
sensiiivenes.^ to the intense light of the environment in w’hich they live, 
and thc'^e m.ay be purposeful respoii'^es which s^^rvi' ah a protection against 
injury from intense light. A iiumber of illustraiions may l)e noted. The 
(‘hlon)phyll apparatus of th*' leaf is in (ho nu?st favorable pfisition for 
rc'ceiving the lull intensil} of the light wlaai the rays fall most nearly 
iH'rpeiidicular to liie l(‘at surface and would be best protected from injuri- 
nus effects of too inieiise ligiit if I ho rays are paralh'l to the h'af surtace 
'Phis protf'clion is allaiiu'd in soiiu* sun plains by the erect or ascending 
position of the h'aves oi by tlieir oru*nlation in such a way that their 
hiirfaces face either (‘ast or west, as in so-eallcd ''compass plantls.*' In 
oth(M' cases, as in many legume's, ih(' l('aflets, w'hich in meiderate light are 
spread out to rec(‘iv(‘ ihe full-light in<‘ome, fold either upward or down- 
ward in iiairs wh(*ri Ihe light bt'eomes intense' (during jnidel^y in the 
sumiiK'r) and tluis jdacej the leaf surface's parallel to thoincidenl ravs eif 
light. 

In many ca.ses in which pre)tection of fhe chlorophyll apparatus cannot 
f>e obtained by the position of the leaves, the chlorophyll boefies change' 
position within the leaf cells. During meiderate illumination there is a 
tendency for -them If) be massed or grou^x'd on the surface faces of the 
eclls, while with too intense illumination Ihev are shifted and arranged 
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along the walls vertical to the surface. This change of position may cause 
a deep-green color in the shade and a less intense or paler color in the 
intense light and will explain the so-called “shadow pictures of shading 
organs upon brightly illuminated leaf surfaces. 

With increase in the intensity of light, photosynthesis will increase 
up to a certain point, and then with further increase in intensity of light 
the photosynthetic activities remain about constant, but for a short time 
only. If the intensity becomes too great or the optimum is exceeded for 
too long a period, the construction of carbohydrate food becomes less and 
less active and may finally be checked entirely. During the exposure of 
green plants to ordinary illumination, the green pigment, chlorophyll, 
is being constantly oxidized, but it is being constantly reconstructed, 
hence the change is not evident. Under conditions of intense illumina- 
tion, light-sensitive plants develop a pale or y<‘llowish-green cast or even 
a bronzing of the leaves. Under such conditions, the chlorophyll is oxi- 
dized somewhat faster than it is reconstructed. This behavior is fre- 
quently noticed when plants that are normally shade-loving — e.g., those 
that select the shaded forest as their habitat —are suddenly moved from 
glass houses with poor illumination to the bright sunlight of the open. 
The sensitiveness to intense light often varies with the age of the plant — 
the seedlings of many trees are not able to withstand the difecWsun- 
light, while older trees suffer no derangements from exposuie to the same 
light intensity. In the more sensitive species, continued exposure to 
intense light may kill the protoplasm of cells in leaves, stems or fruits, 
and browning, burning or blighting of locahzect spots or more extended 
areas may be the final result. Specific sensitiveness to light and the 
conditions of moisture, temperature and light which have prevailed 
previous to the exposure to intense light have an important bearing on 
the type and degree of injury which results (see Unfavorable Water Rela- 
tions, Chap. V; also High-temperature Injuries, Chap. VII). 

In addition to suffering from too great intensity of light, it seems that 
some of our crop plants may suffer derangements because of loo great a 
total light income — in other words, there may be a wrong balance between 
the total period of illumination or daylight and the total period of dark- 
ness. Apparently the normal life of the plant requires a certain balanced 
development of foods or certain nutritive or assinulali e ratios, and a 
disturbance oS these nutritive ratios throws the plant machinery out of 
gear. Too high a light income might cause on overpr(»ductum of carbo- 
hydrate food Is it possible that in such a case the plant might suffer 
from “indigestion”? 
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SUN SCALD OF BEANS 

A spotting and streaking of '»eaii£? in (Yilorado haE« been studied by 
Macinilliin (1918) under the name of sun scald. This tn»uble appeared 
first when the pods w^ere whitening. 

Symptoms and Effects.- The first indicanoiis of the disease arc very tiny 
iirown or reddish spots upon the upp'^r or outer valve away from the center of 
the plant. These sjiots gradually lengtuiui until they appear as short streaks 
lunuing backward and dovMOvard from the ventral toward tiie dorsal suture. 
In 2 days, the spots have inereas(*d to areas of firown water-soaked tissue some- 
times slightly sunken. If the spread has been rapid, the color is a good brown, 
sometimes tiiigc‘d with red, extending over a majority of llu‘ exposed surface and 
sometimes over all of it. On some varieties, the eutin* expu'-^l surface does notT 
become covered, but spots 3 to 4 millimeters in diamider grow to be tlie largest, 
while new .s])ots arc constantly ajipearing. Uftiui small spots coalesce into larger 
ones, giving them an irregular shape. Eventually this spotting may appear 

on the underside of the pod but ahvays hi lesser quantity (M.aeinilhm, 1918). 

* 

Brown streaks on exposed stems and leaf petioles appear under the 
same conditions a8*the pod spotting or scalding, and the leaves also show' 
a browning and death of the epidermis on both surfaces. The scalding 
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of the leaves may be mild and the result of light acting over a compara- 
tively long period. It is stated that this leaf scalding results in indeter- 
minate symptoms in some respects similar to mild mosaic. 

The sun scald of beans causes little if any loss in a seed crop; but in 
severe cases, white-skinned varieties may have the seed coats slightly 
stained, thus affecting quality. No reduction in yield or lack of vigor has 
been noted. Undoubtedly, sun scald of beans is more common than 
reports would indicate, since it is very evident that it has l^ecn confused 
with bacterial blight. The disfiguring lesions on pods of string beans are 
of importance as affecting quality, and it seems probable that under 
certain conditions they may be the avenues of entrance of certain parasitic 
organisms. Observations indicate that while sun scald may })o expected 
lo be most severe in high altitudes, it is by no means confined to 
such localities. The sunburn of soy bean and cowpeas as it occurs 
in Arizona appc'ars to be very similar to the sun scald of beans 
(Gibson, 1922). 

Etiology. — While beans have been shown to be susceptible to heat 
injury (Macmillan and Byars, 1920), jt has been proved that the type of 
injury described as sun scald is due to the action of light rather than to 
heat. In the first place, it has been shown that the tissue of the lesions is 
bacteriologically sterile; hence any causal relation of an organism is 
excluded. It has also been shown that pods subjected to the same 
temperature conditions were sun scalded when exposed to the full inten- 
sity of the sunlight, while shaded pods remained normal. By the use of 
artificial illumination from an arc light, streaking and browning of pods 
and bronzing and browning of leaves were pnxluced siirular in every 
respect to the symptoms and effects observed under natural field condi- 
tions. The artificial illumination did not cause sun scald if the light was 
obliged to pass through ordinary window glass, which is known to be 
absorptive of light of very short wave length. In the ('olorado Ix^an 
section, the altitude is 4700 feet, and during the heat of the summer days 
alHclative humidity of 20 per cent or less is common, lender such climatic 
conditions tlu' light reaching growing plants will contain a much larger 
portion of the ultra-violet rays than the ligiit of regions with higher 
humidity and lower altitude. In oUier cases, it has been shown that the 
ultra-violet rays have a killing effect upon active protoplasm and may 
apparently cau^ injury indefxmdent of the chemically active light rays 
The conclusion has befui reached that the sun scald of beans is caused by 
light of short wave^ length (ultra-violet), 'i'hese conclusions are in 
keeping with the findings of other investigators who have recorded the 
injurious effects of light at high altitude upon the natural vegetation. If 
the conclusions are correct, sun scald of beans or of other tender species 
may be expected to be more frequent in the regions oflugh elevation and 
low humidity than in humid areas nearer to sea level, 
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LODGING OF CEREALS AND OTHER CROPS 

The lodging or falling down of cereals previous to harvest is a common 
phenomenon in many regions, while in others it is rather rare No 



I u. Cro»s-bccti()iis of normal and lodged jve culmH {After Koch.)' 

'=5ingle cause of the lodging can be sighted^ but the following may be 
noted as contributing bictors: (1) excess of nitrogen, or at least a large 
amount of available nitrogenous food materials, whichvstiiTuUlate the 
plants to make a luxuriant growth with heavy foliage; (2) an abundance 
of moisture in soil and air, which promotes a succulent type of growth; 

frost injury due to localized killing of the meristematic tissue at the 
base of certain ipternodes; (4) the attacks of insect pests »r fungous 
mvasions (strgiw breakers or foot rots), which are clearly parasitic in 
character or favored* by frost injuries or traumatisms; (5) mechanical 
breaking or lodging due to the direct action of wind, hail or rainstorms. 
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While one to several of thei^ factors may be operative in any a/ ogle case, 
the most common cause of general lodging is a weak development of the 
bases of the culms or stalks as a result of the lack of light. 

Symptoms and Effects. — The lodging due to partial etiolation of the 
basal portions of the culms involves a weakening and abnormal elongation 
of the second intemode from the base, the lowest stem member being 
generally too short to bend. Under conditions which promote the 
weakened growth, the developing culms may fall, due to the bending at 
the second intemode. Lodged grain may partially right itself, owing to 
renewed growth in other internodes as a. result of the geotropic response 
induced by the prostrate position. The lodging of the grain interferes 
with the normal physiologic processes, especially photosynthesis and 
transport of crude food materials from the root system to aerial parts, 
and consequently the crop is lowered in both quantity and quality. In 
addition, the lodged grain is much more likely to suffer injury from semi- 
parasitic fungi and from such troubles as powdery mildew and rusts, 
while the difficulty of harvesting the gram that does develop is the cause 
of additional losses. 

Etiology. — The lodging of cereals was at one time attributed to a lack 
of silicic acid (H 2 Si()a) in the soil, thus lessening the amount of silica in 
the cell waHs and thereby weakemng the supporting power of the culms. 
Such an explanation seemed possible until it was shown that ther*^ isj^ut 
little difference between the silicic acid content of normal stiff straw and 
lodged straw and that a vei*}^ small amount of silicic acid is sufficient for 
the production of normal plants. It has also been shown that the hmest 
internodes of normal plants are poorer in silicic acid than other parts of 
the plants, which would be opposed to the supporting function of the 
silicified cell walls. The silicic acid theory has rectuyed recent support 
(Phillips et aLj 1931) by studies showing that sodium nitiate fertiliztT 
increased the lignin but gave a reduced silica content. This s(*erns con- 
tradictory to the report of Welton (1928) that lodging ie caused in j)art 
by the deficiency of lignin. 

It has been shown that lodging is due to a moaification of the structure 
of the lower internodes as a result of the interaction of many factors, with 
shading playing a prominent part. In thick stands of grain, the numer- 
ous culms with clustered and overlapping leaves prevent the penetration 
of light and also tend to prevent the circulation of tlie air and thus hold 
a surface*- stratum of more humid air. Both lack of light and increased 
humidity of the air promote the formation of delicate or thin- walled 
tissue of elongated cells, as opposed to the firm growth with well-developed 
mechanical tissue which is characteristic of well-illuminated structures 
•surrounded by an air of more moderate humidity. P^urther support of 
the conclusion that shading is the most important factor in causing 
lodging has been obtained by the artificial prodhetion of lodging by 
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shading the basal parts of the plants, while the more distal parts were 
subject to normal light intensity. 

The stems of normal cereals show a well-developed zone of thick* 
walled, prosenchymatous tissue below the epidermis, but in the partially 
etiolated basal internodes of shaded culms this cylinder of supporting 
tissue is poorly developed and other tissues do not have the normal 
supporting power. The greater length of these shaded internodes and 
the thinness of the cell walls make such stems poorlj' suited to withstand 
the strains they must bear, and they easily go down during, wind- oi 
rainstorms. 

From extensive researches (Welton and Morris, 1931), the following 
conclusions may be presented: 

1. Lodging results when there is a relatively low content of dry 
matter per unit length of culm. 

2. Such culms are relatively small in diameter and are accompanied 
by a low carbohydrate-nitrogen ratio, resulting from hypernutrition, 
shading or high temperatures, the complex giving a relatively high 
proportion of vegetative growth. 

SoiL- rich in available nitrogen and well supplied with moisture pre- 
di8fK>se lodging, since tillering is increased and the heavy growth of 
(nhagcf increases the shading. Thick seeding on m(>derately rich soil 
may sonietimes lead t(- very general layering, because of the shading due 
to r.he very dense stand. With the modern practice of drill seeding in 
which the rate of seeding can be accurately controlled and adapted to the 
soil type, the danger of lodging is lessened. 

Prevention. — The most important practices which may be followed 
for cutting lodging down to a mir'muin are as follows: (i) careful atten- 
tion to the rate of seeding to sun the soil conditions so as to produce a 
stand which will allow penetration of light and a free circulation of the air; 
(2) attention to cultural practices, including rotathms and the use of 
fertilizers so that excess of available nitrogen will not be offered; (3) the 
selection of varieties suited to the environment. Stiffness of straw and 
the ability to stand up arc characters which vary With the variety, and 
improvement in this respect is one of the problems of the cereal tireeder. 

Other crops besides cereals frequently suffer from lodging — e.g , 
field peas. Their stem*-^ are naturally rathe weak; and w^hen they do 
go down, rotting may cause additional damag(‘ if there ig an jibundance 
of moisture. In localities where the lodging tendency !.«- very pronounced, 
a supporting crop is sometimes mixed with the peas. It is not uncommon 
to have too heavy stands in seed beds in the open or under glass. Under 
such conditions, the hypocotyl frequently elongates to several times 
normal length and the young seedlings fall over, and, as a result , irregular, 
twisted stems are farmed. The partially etiolated stems are then more 
readily infected with damping-off fungi. 
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PHOTOPERIODISM 

In the general discussion of the effect of light upon the plant, it was 
pointed out that the response depends on -three factors: (1) the intensity 
of the light; (2) the wave length or quality; and (3) the duration of the 
light action. Apparently (he earlier work was devoted primarily to 
studying the effects of the first two of these factors, while it is only since 
the researches v»f Garner and Allard (1920) that the significance of the 
daily pieriod of light in the growth and reproduction of plants has been 
appreciated. Their results were confirmed by Adams (1923) and, more 
recently, numerous other wojjters have contributed to our knowledge «)f 
the subject, with the result thst there is a rapidly expanding literarure 
with no end in sight until the pliotoperiodic response has )>een determined 
for the w^orld’s supply of plants* 

Responses to Long or Short Periods of Illumination. — The length of 
daylight to which a plant is expiosed is expressed in the type of growth 
which results. In nature, the establishment ot a species in a given 
environment detx*nds on its ability to flower and produce seeds, and this i.s 
possible only w'^hen th^ favorable length of day is presenl.ed The 
favorable length of day for a plant is termed its photoperiody and phoio- 
periodism is the response of a plant to the relative length of day and night. 

In the nature of their resp<mse to length of day, two extreme types of 
plants may be recognized: (1) shori-datj plardsy or those which tend to a 
vegetative development with increase in .stature when exfxised to long 
daily periods of light and flower and fruit only wlien the light {X'nod or the 
length of day is suitably decreased ; and (2) long-day phiniHy or those which 
show an altered development and fail to flower when subjected to short 
days butlreadiTy form flowers under the influence of suitably lengthened 
periods of daylight. Between these two extremes are plants less sensitive 
to the length of the daily period of light, and these are, therefore, able to 
make a growth in which fl<iwermg and reproduction are attained in the 
widest variations which occur in nature. The length of day is a factor of 
importance affecting the natural distribution of plants in different parts 
of the world. For example, if the daylight periods of an environment 
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during the season when moisture and temperature factors make growth 
possible afe too short or too long to initiate flowering and carrying of the 
seed production to completion in a given species, the natural range of that 
species will be limited to those regions which offer the length of day which 
does make flowering and seed production possible. 

The plasticity of plants under the influence of variation in the length 
of day and night to which they are exposed Ls very marked but finds its 
most striking expression in the effect upon flowering and fruiting, while 
various chemical and structural changes may be accompahimcnts. 
Flowering and fruiting may be retarded or accelerated, the type of vegeta- 
tive growth modified to lead to gigantism or to dwarfing, while the laying 
down of reserve foods in bulbs, tubers or roots may be inhibited or . 
seriously impaired. The anatomy of leaves or other plant organs may be 
changed, the production of fiber may be affected, while the ratio of 
flowers of different sex may be modified (corn) and in some cases even a 
reversal of sex may result (hemp). 

In the cultivation of plants, the desired end may be production of a 
luxuriant vegetative growth, or gigarUism^ with an inhibition or delay of 
flowering or fruiting, while in a large percentage of our ornamental or crop 
plants the production of flowers or of fruit is the feature of commercial 
value. It is not possible within the space available to give any detailed 
discussion of the numerous illustrations of photoperiodism which have 
been studied, but a few cases may be cited which illustrate the practical 
application of the principle. 

The growth of a plant like spinach may be noted. When planted in 
the early spring, a well-developed rosette is formed and flowering is 
delayed; but when planted later in liie spring or in the summer, it makes a 
poorer vegetative growth and quickly sends up its inflorescence. While 
the temperature factor is also operative, the lifference in the length of the 
day is, in the main, responsible for the cha*iged behavior. It is not an 
uncommon experience for a farmer to make a mistake and seed a winter 
wheat in the spring, with the result that it makes a purely vegetative 
growth with the formation of rosettes that fail to produce culgis and 
flowers. This has been explained by saying that it had the winter habit, 
but Wanser (1922) has recently called att*'i ^ion to the fact that the 
winter habit in wheat is but an expression of photoperiodism. He states 
that 

A proper adjustment of the daily exposure to hglit. independently of tempera- 
ture, will control the ty|)e of grow’th in the wunter-wlieat plant, and by regulation 
of this factor it is possible to induce the jointing and the heading stafjes irrespec-^ 
tive of season. 

The poinsettia when exposed to the seasonal length of day will not 
flower until early winter; but by shortening the length of the day (10 
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hours), it may be made to form flowers and the brightly colored bract 
at any season of the year. The effect of length of day has been applied to 
a practical problem in tobacco culture. A variety of tobacco known as 
Maryland Mammoth is grown in southern Maryland. In that environs 
ment under suitable conditions, it makes a luxuriant vegetative growth- 
producing large plants with many leaves (sometimes more than 100) and, 
is, therefore, prized for its high 3 delding capacity. In Maryland, it does 
not flower or blossoms so late that no seed is matured — because the sum* 
mer days are too long. It has been shown that it will flower and fruit in 
the greenhouse under the natural day length of winter, and seed is now 
obtained by growing the variety in southern Florida during the winter 
when the days are short. Onions are very sensitive to the light period 
(Mc(>lelland, 1928). Of four varieties tested — Prizetaker, Yellow Globe 
Danvers, Silver King and Bermuda White — only the last proved to be 
well adapted for growing in the tropics, where the maximum length of day 
is close to 13 hours. Under these conditions, the first three varieties 
either failed to produce bulbs, i.e., remained in the spring-onion stage, or 
made only a partial or imperfect development. 

Plants in iheir native haunts have become adjusted to the specific 
light periodicity of their environment, but in our agricultural and horti- 
cultural practice they may be subjected to light periods to which they are 
not suited: (1) by field planting in regions with too short or too long days; 
(2) by date of seeding in the field so that the optimum light periods are not 
experienced during the growing season; and (3) by cultures under glass 
which are independent of the season as far as temperature and moisture 
are concerned, but with seasonal variations in the length of day. Photo- 
periodism of plants has an important bearing upon the success of cultures 
under artificial illumination and emphasizes the fact that the desired 
results can be attained only with careful attention to the varying light 
requirements of different varieties. Failures to attain the desired ends in 
farm or horticultural practice may be due to a lack of acclimatization of 
our cultivated species with respect to the light relation or to our failure to 
understand the specific light requirement of the variety. Much of the 
recent work has brought out quite different responses of varieties, strains 
or ^'ecotypes’' of the same species. Phis may be illustrated by winter, 
spring and summer varieties of lettuce or by the behavior of early, 
medium and late varieties of soy beans (Garner and Allard, 1930). 

Etiological Relations.— Some considerations have been given to the 
way in which light duration induces the photoperiodic responses. It may 
be noted, first, that the length of day must affect the quantity of photo- 
sjmthetic product formed, since photosynthesis is active and must 
continue during the period of illumination and cease during the periods of 
darkness. It seems also that the nature of these products and their 
utilization are modified by the length of day. In a recent paper (Gamer, 
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Bacon and Allard, 1924), data wer^-presented which ^ indicate that the 
light period in some way profoundly influences acidity relations, the fdrm 
of the carbohydrate present in the plant and probably the water content 
of the tissues.'' Under certain conditions— in gigantism of short- 
day plants — acidity of cell sap as measured by hydrogen-ion concentra- 
tion is high, while in long-day plants exposed to relatively short daya, the 
acidity remains at a relatively low level. More recently, Deats (1925) 
concludes that “the differences in the relative length of day and night 
influence the form of plant development by a change in the nitrogen- 
carbohydrate ratio." This view is also held by other workers; Tincker 
U925, 1928) writes: “In general, there would appear to be a correlation 
between the C N ratio and the behavior of the plant." The variation in 
the production and utilization of photosynthctic products is then the 
controlling factor. Photoperiodisni is also held to be a response to che 
oxidation respiratory-synthesis ratio (Lubiirienko, 1928). “In long-day 
plants, oxidation is proportionally greater than in short -day plants when 
compared with photosynthesis, so that these plants tend to use up carbo- 
hydrates rapidly in short days” fTinekor, 1929). 

It has been shown that there is a definite localization of the effect of 
different periods of illumination; or., when parts of plants are exposed 
to different periods of illuimnation, each pari will show the characteristic 
rosiKinso to Us parlicular light period ^Garner and Allard, 1925), but it 
has been demonstrated that thd^n^sponse of any particular partis still 
further localized in tlie growing points or apical buds (Knott, 1927). 
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DISEASES DDE TO MANUFACTURING OR INDUSTRIAL 

PROCESSES 

As a result of modem conditions in cities and the proximity hf various 
types of industrial concerns, cultivated plants and native vegetation are 
frequently exposed to unfavorable factors which may operate either 
through the air or the soil environment. Material in dust form may fall 
on vegetation or on stirrounding soil and cause injury by mechanical inter- 
ference with life processes or by its ultimate tt>xic action. Various sub- 
stances may be set free in manufacturing or industrial processes, and 
these may diffuse through the soil or the surrounding air and reach the 
root system or the aerial parts of plants cither in gaseous form or dis- 
solved in mist or raindrops. Mention may be made of sulphur dioxide, 
fluorine compounds, hydrochloric acid, chlorine, arsenic, sulphuric acid, 
nitric acid, and ammonia, the first teing of outstanding importance 
These may be by-products of industrial plants, as sulphur dioxide from 
smoke and smelters, or the main output of the plant, as illuminating gas. 
Very high toxicity to plant life, even when present in only minute quan- 
tities may be noted especially for sulphur dioxide and illuminating gas 
or its principal constituent, ethylene. Injuries may also result, especially 
to trees, from electric discharges from high-power transmission lines. 

Cement-dust Injury. — Dust fi .m eement mills has been shown to 
have an injurious effect upon the setting of fruit, according to the work of 
Anderson (1914). In the cases investigate the dust came mainly from 
the stacks of the kilns and made an evident deposit on the \egetation 
within a radius of 2 miles. The reported reduction in the setting of fruit 
as a result of the "'dust showers'' was confirmed by experimental tests 
with cherries, p(\'irs and apples. Flowers artificially dusted with material 
produced from the cement plant showed vory pronounced reduction in 
the percentage of fruit set, as may l>e illus^n +ed by the reduction from 
49.9 per cent in untreated apple blossoms to 5.95 per cent in the dusted 
blossoms. It was shown that the dust from the cement .-^ills contained 
a large amount of alkaline, soluble calcium salts, and germination tests 
proved that pollen grains would not germinate in very weak solutions of 
these salts. The prevention of fruit setfjng by cement -mill dust mav be 
explained as follows: 

Whoa the clu‘>t fallt^on th<* fruit l>lo.s*^oius some of it gcH*s into solution in the 
stigmatic secretions and j)oIlen falling on the stigma >vill not germinate. Thus 
the flowers will not be fertilized (Anderson, 1914). 
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Magnesium Oxide Injury. — Crop injury has recently been reported 
(Sievers, 1924) as the result of deposits of magnesium oxide dust originat- 
ing from roasters in which magnesite is calcined. The injury was con- 
fined largely to crops growing in an oval area 1 mile wide and 3 miles long, 
with the magnesite plant at its center. After the magnesium oxide dust 
is deposited on the soil, it is converted into basic magnesium carbonate by 
the action of carbon dioxide and water. Although not readily soluble in 
water, the magnesium carbonate in a soil solution containing carbon 
dioxide forms the more soluble bicarbonate, and thus the concentration of 
soluble salts is greatly incn^ased. 

The injury to wheat from the magnesiuia oxide deposits was of two 
types: (1) a yellowing and blighting of the leaves, l)eginning at the tips, 
with retarded growth and death of the jdants in the more extreme cases; 
and (2) the mechanical interference with the emergence of seedlings, due 
to the mortar -like crust on the surface, this effect being very pronounced 
on land close to the calcining jilant. The soil of the region l)e 3 ’'()nd the 
influence of the roaster contained about 4000 pounds of magnesium, calcu- 
lated as oxide, per acre-foot, while the amount increased gradually as the 
plant was approached, until at a distance of 100 feet it amounted to 
56,000 pounds j>or acre- foot. 

Injury from Tar Products.- I'he injuriinis ('fleets of \ apor or dust from 
tarred roads or of the fumes from molting tar compounds on vegetation 
have long beim recognized. The observed elTects ha\c varied, d('[)endjng 
on the character of the products and th^ an^ount of dust or vajior reaching 
the aerial parts of plants. The lesser effocis noted are fading and 
spotting of letives, while strong fume^ cause the injured leaves to curl 
and shrivel, turn brown and fall, fii tlie injured tissues, the cells are 
plasniolyzed, and the chlorophyll disapp-ears 

A special study of the injurious efTects of the fumes from tarvia, a tar 
compound used in building opeiations and in road construction, was made 
by Chivers (1917). The fumes from meeting tarvaa carried across a 
near-by garden covered leaves and stems with a gr(*asy coating and killed 
various annuals and a number of perennials; peomevs were killed to the 
ground; roses, brambles and currants were defoliated; while potatoes were 
dwarfed, and the yield reduced. All perennials within the atTected zone 
showed the injurious effects in the growth of the following season. 
Experimental t(‘sts were made with a number of plants: 


Leaves of Ix^gonias showed a characb*ristic sinking of tlic upper e})iderinis, at 
iret in small i^>lated areas, wJiich gave a peculiar pocked ajipearance to the leaves 
The pock marks gradually la came coiifUimt and the entire area lost chlorophyll 
ind turned brown. In the j^oungest leaves the first symptoms appeared as 
/ellow spots, 3 to B millimeters in diameter, which when examined were found in 
*ach case to be an injured area immediately surrounding a multicellular gland. 
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Older leaves turned yellow over their entire surfaces and fell from the stem 
(Chivers, 1^17). 

The train of symptoms varied in different species subjected to the 
same concentration of fumes. Ferns withered and died as if subjected 
to extreme heat.” In geraniums, “the lower and older leaves turned 
yellow, those of medium age turned dark brown over the entire surface 
while the youngest and only partially unfolded ones showed dark-brown 
zones on their margins.” It was further shown by tests with begonia 
leaves that the tarvia products were able to cause injury by penetrating 
the epidermis, the results being the same whether the fumes acted on 
the stomata-bearing undersurfaces or on the upper surfaces devoid of- 
stomata. In a more recent study (Boning, 1928), tar-gas injuries to beebs, 
cabbage and other truck crops were noted, but graminaceous species 
were said to be uninjured. 

The principal volatile constituents of tar products are phenol, anilin, 
pyridin and p\Trol. Observations hav(‘ indicated that the amount of 
injury from tarred roads dejKmded <*n the amount oi phtuiol in the com- 
pound used. r\Tidiu has been shown to cause severe injury to leaves 
sut>jecU*d to ils fumes, inducing plasmolysis in general, browning of 
tanmn-C(uiraining cells ])ut with no destruction of the chlorophyll. It 
seems probalde that both phenol and pyridin are active in injuries pro- 
duced by (ar or tar products. The exact tyr>e of injury may be expected 
to vary with the tyfie of tar products, the concentration of fumes or the 
amount of dust, the age of the plants or of the leaves and the sjx^cies or 
varieties exposed. 

Electrical Injuries. -The development of electricz-light systems, 
trolley lines and liigh-power transmission lines has introduced a new 
element of danger to the trees of towns :iiid cities. Ii is a matter of 
common observation in many sections that Jightning causes much injury 
to trees, while numerous cases of lightning injury to field crops are on 
record. It is perhaps not vso generally understood, however, that trees 
may suffer from electric discharges from transmission lines when these are 
too close Either alternating or direct currents may cause injury, but the 
former is apparently les^ injurious. An elect ic current acting on a plant 
at certain strength— the mirnmum - may cause just perceptible stimula- 
tion, while the opt im uni causes the greatest stimulation. Beyond the 
optimum, plant activities are retarded, and at maximum strength death 
ensues. The maximum cunenf necessary to cause death is exceedingly 
variable. 

If it were not for the fact that trees are poor conauctors oi electricity 
there would be mucl^more injury when trunk or limbs make contact with 
live electric lines. The cambium, or the layer of cells containing active 
protoplasm^ offers the leasjb resistance, while the outer, dry, corky bark 
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offers the greatest resistance, with phloem or inner bark, sapwood and 
heartwood occupying an intermediate position in the* order recorded. 
The high resistances shown by the tissues of a tree are capable ADf cutting 
down rather high currents to an insignificant amount. Injury results, 
however, in wet weather 

. . . when the tree is covered with a film of water, which provides favorable 
conditions for leakage, the current traversing the film of water on the tree to the 
ground. The result of contact of a wire with a limb under these conditions is a 
grounding of the current and a burning of the limb due to ^‘arcing.” The vital 
layer and the wood become injured at the point of contact, resulting in an ugly 
scar and sometimes the destruction of the limb or leader (Stone, 1914), 

The alternating-current systems employed for lighting purposes vary greatly 
in their potential. Cases of burning from alternating currents are more numerous 
than those from direct currents because trees are brought into more frequent 
contact with the wires, and, owng to the higher potential, more leakage is likely 
to occur. The high- and low-voltage lines may vary from 100 to 100,000 volts. 
The high-tension systems are invariably constructed across country, and are 
naturally not brought into very close proximity to shade trees. No injury 
whatever occurs from the low- voltage (110- volt) lines, but the lines of higher 
IX)tcntial found on streets constitute a source of danger to trees. The higher the 
electrical poteritial the more dangerous the wires become to trees, for, owing*to 
the lessened effectiveness of the ordinary insulation, more leakage occurs, and 
consequently greater opportunity for burning (Stone, 1914). 

Alternating currents cause only local injury to trees, the lesions 
appearing only near the point of contact with the wire. The tree is not 
killed, but limbs may be so badly burned as to cause serious disfigurement. 

“Most of the direct currents affecting trees are those used for operating 
electric railroads. Trolley feeders may be at 500 to 550 volts” (Stone, 
1914). Localized burning, similar to that resulting from alternating 
currents, may take place, but under certain conditions large trees may be 
killed by direct currents used in operating eloctru* railroads. In case of 
death of trees from direct -current electricity, the rail is positive and the 
(»vcrheadi feed wire negative, constituting what is called a “reversed 
polarity.” It is the more common practice, however, to have the so- 
called positive current traverse the overhead wire, but “reversed 
^.polarity” is used at times. In a typical case, the escaping current had 

. . , burned and girdled the trunks for a distance of 5 to 10 feet from the base, 
the point of contact of the feed wire with the limb 18 to 20 feet above showing 
little or none of the characteristic local burning effects usually observed in ordi- 
nary cases of pounding. 

The more extensive burning m cases of reversed pojarily is favored by 
the moisture conditions of soil and bark at the base of the tree offering a 
reduced resistance. The general result will be slight burning at the point 
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of contact of the overhead wire, with extensive burning' at the base, 
although the injured zone may be variable in height. The cambium is 
killed, and the bark may become loose and fall off. Injured trees gener- 
ally stand fairly close to the rails, although those more distant may be 
killed if there is a ground connection. 

As a general principle, trolley or electric-light wires should not be 
allowed to come in direct contact with the trunk or limbs of trees. If, 
however, contacts cannot be avoided, proper insulation of the wires 
should be provided. 

Injury from Illuminating Gas in the Soil. — Herbaceous or woody 
plants growing in streets, yards or greenhouses may be injured by the 
leakage of illuminating gas into the soil. The greatest amount of damage 



Fig. 63.“-Large elms killed by escaping illuminating gas, 1 years after leakage ornirred. 

Stoat -Va-ss. Bid. 170.) 

occurs in shade trees of street or lawn. Injury to trees from leakage of 
gas into the soil from defective joints or broken pif)es is a problem with 
which every large gas-producing company must contend. Much (»f the 
gas that is manufactured is unaccounted for, part of the discrepancies 
being due to defective meters or incorrect readings, but more or less 
actual leakage does occur. Slight leakage of gas into the soil through a 
long period may cause a slow poisoning of the roots of near-by plants, 
while with more pronounced leakage acute injury may follow very 
rapidly. 

Severe injury to trees in several German cities was reportea by 
Girardin as early as 1864, and his conclusions have been confirmed by 
numerous investigators since that time. Special studies of gas injury due 
to leakage into soil have been made in this country by Stone (1913, 1916), 
Harvey and Rose (1915) and Doubt (1917), while more recenfly Wehmef 
(1917, 1918) in Germany has made a general study of injury due to 
illuminating gas. 
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The effects of illuminating gas are variable, depending on the age and 
stage of development of the plant, the vanety or species concpmed and 
the duration of action and concentration of the gas Some of the effects 

of illuminating gas aie as follow?; (1) the 
inhibition of germination of seeds, ^2) abnormal 
curvatures and swelling of young rootlets, due 
in some cases to hypertrophy of cortical c( 11s and 
m others partly to hypei trophy of cells and partly 
to increased cell di visum (3) the formation of 
proliferation tissuer in the coitex of woody stems 
below the <^urfscc of the g ound, (4) the dis- 
appeaianct ‘•taich t^iom the c'^ll? of th( rorit 
coitcx, (5 1 leiaided growth, ((>) wilting and d( ^th 
of herbaceous plants, (7) ejunastic respon-^c ;'f 
leaves, causing them to he turned downwerO 
and in some ews the upw iid rolling of the 
Ic i blade towaid the midiib, although this 
sanplom IS no^ so geneial as m the cas^^ of 
action ot fr thu ugh the tir the d( dh of 
tiers or shrub'- following drlohit on or d( dl of 
tl < lea\es 1 he swdli i*; ( 1 mk yojiig lo 'f- nid 
the disippf uiiue of st iirh fjoin tju ori(\ oi 
roots aio response •» (o i itluj kw conefiiti iMons 
of illunimating gas 1 lu joots of tn es Kilk ci b\ 
ga« frequently show a chai u t^ii'-tu bluish dis- 
erk r4itKm of tlir wood, hit *l is ‘'vmjdom is lud 
diarnost o, since u is kn« wn to follow deuh h> 
olhei agcncKs '1 h( prodiutMU of nrolik i ition 
tissue by loots i'- a feduK which n i\ be u-^c'd in 
diagnosing g is injiu v Root h^ |)r i tiophu cciii 
when the loliif.( ''Iiovas no c*T(ct‘- hrncr d 
suggested thd iin c imiiidion r,f die niols ot 
adjacent phnts be ni tdi when i tiec li is died 
from suspfctcd gis Ic ik igc 1 he cortex of 
young gi'-scd roots i ^onutinus tluo'^ to four 
times the thukii(''S ot Ih d ot noiiid rooK 
d he eharacte U''tic h^ pe i trophies might not 
show on the loot ‘'>st(m of a do ul tru, if it 
hid been •-ubje'cted at once to a high con- 
cent r it ion of gas, while they imglit .ipix^ai 
on roots of near-by unin]uied phnts 

' It shoufd be iiotrd thd itiosI e f the sMupduns of gas injuiy are of a 
general characte'r, such as weiuld result fiom the fnhue of the loot sy’’stem 
to function from any cause A^-phyxi dion, freezing injury to roots, 



Fiq 04 - Effoctfi of lUu 
minaiiug on elm tn o 1 h 
years after tht leakage o( 
curred {\ftir ""tone Uass 

Bui 170) 
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collar rot, etc., mijs^ht produce very similar results m trees. Trees killed 
by gas show a browning and disintegration of cambium, phloem and 
cortex, especially at the base of the trunk, the dead area advancing 
upward until the whole tree is involved. The wood also darkens, and 
there is an increased brittleness v\ith rapid deterioration. Gas-kiUed 
trees are quickly invaded by vanuu.'s saprophytic fungi, which complete 
the work of destruction. 

The injury to roots from the leikage of illuminating gas into the soil 
may be due to (1) true asphyxiation, as a result of the displacement of 
the hoW air by the ga*^, and (2) Llie toxic action of the gas constituents. 
It seems probable that both are factors of importance. Illuminating 
gases are of variable compositn'n, but they always contain substances 
which are toxic to roots, h.tliylene gas is always present, and tests with 
this alone have shown that it \\ili produce jiractically the same effects 
as the composite illuminating ga*- (Harvey and Rose, 1915) More 
nwntly, Weluncr (1918) has advanced some evidence that hydrocyanic 
acid IS th(‘ most toxic constituent of illuminating gas 

Plants hhow considerable variation in resistance to gas poisoning, 
Mckm deciduou'- tree*- are sen.silivc- to gas in the soil as has been shown by 
teds with ( aiolina poplar, elm, ash, maple, catalpa, apple, pear and 
oHiet^\ <\)nifers are mmh more resistant than deciduous trees and may 
recover after injuiy has become ajiparent if the leakage of gas is stopped 
(h« th( contrary, dcciduou,- tree^ which show clear-cut symptoms of gas 
}H is'onmg ran ly if ever recover 

riie certain diagnosis of pas injury rather difhcnlt and requires the 
sei vices of an expert, it may be pointed »>ut, first, that young trees, at 
least, may be killed b> the leakage of illuminating gas in an amount too 
slight to l>c detected hy the odiu. This possibility should be kept in 
mind when thagimsinir raises of susjrx'cied gas poisoning. Stone (1916), 
who has made ratliei extensive sludiev of cas injuiy through a period of 
vears, lias placeii great empha n on the odor of the tissue of gas-killed 
trees foi the recognii ion of the cause According to his experience; 

Then* will ahva.y- he found in trees LiU'^d by gas peculiar cliarartcristic odors 
(llfticiilt to do'-inlx and niore euMh rec(»gnizpd, nt lea*^1 ahove the ground, after 
a trcf' lias been dead for a few wrek^ oi a month 

The etKda’ted-sweet-pea-seedling test can bo used eftecti vely in demon- 
strating the ]>res(mce of illuimnaujig in the soil when The bdor of gas 
IS not dislingiijshabh* (Knight and (hockoi, 191d; Harvey and Rose, 
1915) Seedlings may be grown in Petri dishes until sotcral centimeters 
high and then placed undci inverted cans on the soil supposed to contain 
illuminating gas. Strong concent rations of gas will cause a tessation of 
growth, while niinuje tracer of it will induce diagootropic growth of the 
epieotyls; fe., they will grow in a prostrate or horizontal position. It is 
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claimed that this test exceeds many fold the delicacy of any chemical 
test. 

The prevention of leakage of gas into the soil is given special attention 
by gas manufacturers, since corporations are frequently called upon to 
pay damages for killed trees. Stone (1916) has originated a special device 
to lay over gas mains lo convey the leaking gas to certain points above- 
ground. When gas leakage is discovered, it should be stopped at once. 
Trees, except conifers, already visibly affected are not likely to recover, 
but any possible recovery will be supported by digging up the soil so as to 
allow the escape of the gas. New trees should not be set in the place of 
gas-injured ones until the soil has been thoroughly aerated. 

Injury from Illuminating Gas in the Air. — Tor plants grown in the 
open, illuminating gas is not likely to accumulate in the air in sufficient 
amount to cause injury by direct action on the aerial parts, but severe 
injury has been noted in house and greenhouse culture. Crocker and 
ICnight (1908) showed that ethylene gas was the probable poisonous 
constituent, causing injury when present in very minute quantities. 
Carnations proved especially sensitive, buds being prevented from open- 
ing by 1 part of ethylene to 1,000,000 parts of air, while 1 part of ethylene 
to 2,000,000 of air caused open buds to close. Under house or greenhouse 
conditions, only small quantities of gas are likely to be present in the air 
(White, 1926), but many glass-house plants may be injured by these 
small quantities of gas. 

The types of responses induced by illuminating gas or by ethylene 
alone are as follows: (1) Yellowing or falling of leaves: with high concen- 
trations, abscission may take place without any antecedent yellowing 
Old plants are more sensitive than young ones, and old leaves drop more 
(luickly than young ones. The falling of the leaves is probably due to the 
formation of an abscission layer. (2) Rigor and loss of irritabihty. (H) 
Bud and flower injury: buds may fail to open or open and drop their 
petals (roses), or open Howers may close and blight. (4) Kpinasty of 
petioles. The drooping and twisting of leaf ptdioles are especially pro- 
nounced in certain s{)ecies under suitable concentrations of gas. In 
bycopi'micum and Salvia, complete spiral coils may be formed. (5) 
The formation of proliferation tissue. Soft spongy tissue may be formed at 
the lenticels in certain sjiecies, or at the leaf scars, as in LycopersicUm, or 
at more extended regions along stems. (6) The forcing of latent buds: 
this rcsp<jhse "has been noted especially for roses (Zimmerman et aJ., 
1931). According to Doubt (1917), tomato, scarlet sage, sensitive plant, 
castor bean and .liinson weed are adinirabl}’^ adapte<l for use as test plants 
for illuminating gas in greenhouses, as “the respnjnse in each is definite, 
striking and not easily mistaken.” Fifty parts of illuminating gas p(*r 
million of air causcnl epinastic growth of the petioles erf all of these plants 
Healthy spt'cimens of any of these test plants grown in pot/S and bearing 
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6 to 12 or more leaves may be placsed at various locations throughout the 
greenhouse and left 24 to 48 hours with poor ventilation. 

With only a trace of gas present in the air, the epinastic response of the leaves 
will be very noticeable if the plants are compared with normal plants without gas. 
This bending down of the leaves will increase with the concentration of the gas 
present in the air. All of these plants will drop their leaves with a concentration 
below the limit of the odor of gas. The older leaves fall first, the younger leaves 
being retained until there is 1 part of illuminating gas to 1000 of air. 

The etiolated-sweet -pea-8cedling test pn^viously mentioned may also 
be used for detecting the presence of traces of gas. 
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SMOKE INJURY 

The atmosphere of industrial centers in the large cities and Surround- 
ing smelters in outlying districts is frequently {X)lluted with vajrious gases 
or dust materials which have injurious effects upon neighboring vegeta- 
tion. The most important sources of injury are the products of the 
incomplete combustion of coal anil the gaseous or solid wastes resulting 
from ‘the smelting of ores. Investigations* have shown that dust and 
metallic fume are elements of minor importance as far as damage to vege- 
tation is concerned, in companson with the gaseous constituents of 
smoke. Under open or field conditions, the most injurious gas is sulphur 
dioxide (^(>2), which is formed in the burning of coal and in the srnelUng 
of sulphide-containing ores. Smoke injur}'^ as here ccjnsiderod will then 
be confined very largely to the effects of S()2. 

Historical Statement. Smoko injury to vegetation has been reeogni/ed for many 
years, liiit it wa’^ not until lhr»6 that SO 2 \\as bhown to he tlie important h)>ie 
Very positive proof as to the extreme toxicity of sulphurous acid (H SO^j vas pre- 
sented h> Schroeiler in 1^72 Sinci* that tune, nuinerou^ investigations and leports 
have been isMiod eoveung various ]>bases of the smoke-injnn problem. The i!n[)or- 
tance of smoke injur> ui our nKidem life mav be judi^iul in pail t»v the appeaoinee of 
three outstanding \olumes (1 . “ Di(‘ Besehadigung d« r \ ' gei.-ition tlureli Kaiu b und 
die Oberharzer lluttennuchschadcn ’ (Sc liroi der and Ronss, ISS.i', [‘2) “Die Bc'm had- 
igung der Vegetation dure h Rriiudi’ (llaselliofl and Ijindau, a h indbook ol r 

400 pages x\itli a bibliography of 120 title's; and (3) Die Hc'sehadigungiM) <1( 1 \ « gela- 
tion dureh Rauehgaae und Fabiiksexhalalionen (Sloklasa, U123), a \(.r\ di iaflcsl 
treatise >vith o\er 400 litc'rature citations. 

In this courilrv, the smoke nuisance in a number bf the larger i itu s h i*- prompted 
special investigatums, those of CU'vcngcr (1913) and McClelland (191 R of the* Mtdlon 
Institute in Pittsburgh being noteworthy. The smoke profile ms of V^nglish indiistiiiil 
centers like Lec'ds and Sheffield have bc'en gn c*n careful study (CiowtIU'r and Riislon. 
1911; Ruston 1921). The injury fioin smelter fumes his bc'en s, probl(*m m various 
parts of the United States and has attraeded the attention of both ebunuls .ind 
plant pathologists. Spc'cial attention jna> be made of thi work of Hi \ wood (BK)r), 
1908) in the vicinity of the famous srnf Iter at Anaconda, Abuit , ’irul flu leixirt of 
the Selby Smelter Uommission (Holmes (t al , lOUi) whu h invest igati'd the condition'- 
surrounding the plants of the Selby Smelting and Lead Company, m Solano Coiintx, 
California, The department of smoke inv<*stigations foi the Ameneari Snudtmg and 
Refining Company m Utah has c'ontiimed the work started bv the Selby Smedter 
Commission but on a much more elaborate* scale. Other companies have followed 
their example and have given seientifie study to their loc al probh m.s but on a more 
modest scale. 

Symptoms and Effects.— Three different types of injury from sul- 
phurous acid in the air are recogniml: ( 1 ) acute ^ when the amount of gas 
is abnormally high, being characterized by the rapid bleaching or disap- 
pearancie of chlorophyll and in Inost severe form by the death of the entire 
plant; ( 2 ) chronic, when small quantities of b02 are generally present, 
leading to a general depression of physiological processes, including 
photosynthesis, metabolism, cell division, etc., with retarded growth, 
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exhausted food reserves, failure to blossom and set fruit, early leaf fall in 
deciduous forms or fall shedding of leaves by evergreens, ending ulti- 
mately iir death; and (3) invisible^ or the reduction of growth increments 
not visible; to the naked eye but expressed by yields or by modified com- 
position shown by careful measurements or by chemical analyses. 



Fig. 65. - Beech leaves showing SO. injury. {After Schrasder and RriLsa.) 


There is no hard and fast line between acute and chronic injunes, 
but acute injuries are first indicated by characteristic changes of the 
chloropliyll-lM'aring structures. The response i.s soinewhat^^different for 
the conifers, deei(luou& trees and .shrubs and lierbaceous forms. Acute 
injury in many cornfert; is marked by a wine-reil coloration of the needles, 
sometimes for their entire length or sometimes first at either base, tip 
or middle. The needles then turn brown, shrivel and fall if the action of 
the gas continues or is sufficiently severe. I'he amount of discoloration 
and death of leaves is variable, but in general their length of life is 
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shortened, xnd trees close to sources of smoke frequently retain only the 
needles of x single year In decidvous tiees and t^hruhsj the most common 
result IS the appeanince of yellowish-brown to dark-brown dead areas in 
the intercostal are is of the leives, while the mesophyll adjao-^nt to the 
prominent ner\es n mains green foi the h)ngest time Because of this 
localization of tlu deid are is, the haves showing various types of vena- 
tion will exhibit (luite bizaire color patterns \\hile the intercostal 
location of the dead are is is the most frequent, the injured leaves may 
Hometim^^s either show a dead brown border or the discoloration may be 
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confim (1 first to rithci tij) or his( of thi h«if bl uh Jii spicies of Pninus 
or other foirns showing i nituril tfiuhncv to shot hoh , tlu dead arc i*- 
may fall^awj^ Ic uing pirforitions In /Kthaaaus plant , the injured 
tissues rniy show all gi idilions of color from reddish brown or almost 
black to light \ellow or str iw color, with the lighter colors predominating 
Injury to wheat before blossoming time is marked by the reddening of the 
leaf tips, jyhich 1 iter turn yc How and finall> become almost white Other 
cereals and man> gnss(s m i\ show onh a yellowing and bleaching of thr 
leaves, beginning at the tip*- Alf ilf i ind j elated Itgumc^s show extreme!! 
of bleaching or n dean, white ap|>earance of the affected parts, the di»- 
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coloration advancing; from the tips or margins of the leaflets so that an 
irregular gjrecn area may be left along the midrib. Lupines may show a 
dark-brown or almost black discoloration beginning til the tips of the 
leaflets, the sugar beet reddish-brown (liseoloratit)n with a tendency to 
appear in the iiitercostal areas, w'hile the potato may sIkav reddish-purple 
lints similar to those characteristic of leaf roll. It slioiild be pointed out 
in this couiieetion (hat the various leaf discolorations whieh accompany 
SOo injury are in no way diagnostic ch:irac1<‘rs, for very similar effects 
may follow injury from other agencies, such as drought, frost, sun scald, 
etc. 

Chrotnc injunj was first recognized lor comlers and, according to some 
invt‘,s(igal< '*s I Wislicenus, 1914j, does not occur in broad-leav(‘d trees and 
geiuTul croj) planis. This view is retuted b}^ StokL‘wi (1923j and other 
recent workers. The symptoms (»f chronic injury in conifers are not 
clearl}' defined, discoloration of the leaves being a minor symptom, while 
llie injury is indicated mainly by the three following disturbances: (1) 
a sliorlening of the life of ilie needle leavf s; (2j low increments of growth 
as marked b}" narrow annual rings; and (3) stag head, or bare terminal 
branches. In smoke zones, the life of spruce needles may be 2 to 3 
instead of 4 or 5 years, .and the life of fir needles may be reduced to 4 to 5 
years in chronic smoke injury as compared with 10 to 12 years in nonnal 
trees. The exact effects will, of course, vary with the concentration of 
S ()2 to which the trees are exposed and with other mollifying factors. 

Chronic injury to field crops may be illustrated by the results obtained 
by Stoklasa (1923) with barley, wheal and sugar beets. All crops grown 
in the smoke zone showed some foliage injury, reduction in .sizi* and vigor 
of plants, premature ripening and reduced yields compared with the 
controls. The barley that was harvested .^ia^vved a lowered starch crin- 
tenl, and the sugar beets a reduced storage of sugar. Chronic injury is 
well illustrated by some casivs cited by Huston (1921) from observatiims 
in Leeds, Kngland. In portions of the smoke zone, liiilbs flowered tUe 
first year but would not bloom the second season or thereafter, while 
lettuce and cabbage would grow but would not head. The behavior of 
the common privet under these conditions is abo of interest: 3 miles 
nortli of liCeds it is evergreen and fiow’ors, 2 miles north it is still evergreen 
but does not flower, 1 mile north but a few of the leaves are retained 
(luring the winter and in the eenter of the city the lejives fall in January, 
while in the heart of the industrial eenter they fall in November. Dwarf- 
ing and early leaf fall of other broad-leaved s?f)ecies w’ere also rioted^ as may 
be illustrated by the fall of ash leaves on Sept. 18 in the industrial district 
and their retention untij Nov. 1 in the districts miles north. Change of 
color of flowers was also noticeable, with paler tints as tlie industrial 
district was approached, with blues and reds tending to white and the 
bronzes to yellow. The scarlet of geraniums became streaked with 
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purple, and the blood-red wallflower streaked with yellow, " ('hronic 
injury has also been noted for tree fruits and grapes (Stoklasa, 1923). 
The former set little or no fruit, and in the latter the clusters were reduced 
in size, and by the month of August visible reddish-brown flecks appeared 
in the leaves. 

The exist eneo of invisible injury has b(‘en disputed by some workers, 
but Stoklasa and other (Herman investigators have pointed out the serious 
injuries which may occur in the absence of cither acute or chronic symp- 
t(»ms. The action of the H ()2 has a depressing eflfec' on photosynthesis 
ind other physiological activities, resulting in a general slowing down 
of constructive metabolism. Some of these depressions are reflected ii 
the lowered starch content and reduced weight of cereals, reduced sugar 
content, of organs in which this carbohydrate is normally stored, a low 
rate of protein to non-protein sulphur, reducf^d or lowered viability of 
seed and decreased hardiness or increased susceptibility to the inroads 
of some parasites. Kuston (1921) cites the case of oats grown in the 
outlying districts of I./(‘eds, which had a germination of 98 per cent, while 
seed from tlie industrial center showed only 17 per cent viable. The 
effect on hardiness of winter annuals is shown by the winter killing of 
spinach, cabbage and wallflower in the regions around l^eeds in wflich 
the annual d(‘posit in soot per square mile was 200 t(uis or more, whereas 
Ix'yond this area in regions with an annual deposn of 100 tons p(‘r square 
mile fall planting was uncertain, while \}^ same plants were winter hardy 
in the more outlying districts. 

Emphasis has lK*en given to the effect of SO-j on flower .structures and 
fruiting l)y the recent work of Ebpp (1931). I'his may lie indnecty by 
injuries to ttie foliage, or direct y involving (*ffects on the formation and 
maturing of ant tiers and pollen or patliological changes in stigmas, styles, 
egg apparatus and even in young emt)ryos following fertilization. The 
effect on the germination of pollen and th(* growth of pollen tubes was 
.studied in some detail. Fnder conditions of moisture favorable for 
germfnation, the ]K)llen tul>es were retarded in growtii and frecjuently 
ruptured at the tip, witli dilutions even of 1 1,000, 000 causing injury. 
These effects will explain some of the previously rejKirted cas<"H of sterility 
or the f^nxl^vction of seed with low^ viability. 

I'he indirect effect of smoke }>oIlution as a result of soil changes has 
Ijecn emphasized by some investigators (Kuston, 1921; h^iwert, 1924): 

The aqidity of the smoke will (lei>letc* the soil of its calcium carhonaU^ and in 
BO doing Vill modify to a large extent the inimlKT and activity of the soil flora. 
The greaU'r tlie acidity of the soil tlic smaller the number of bacteria present in 
the soil and the less their activity, the nitrifying orgAiiisms being found to he 
most susceptible, liact<Tiological analyses were present'd t.o show that the 
letrimental effect f)f the smoky atmosphere uj>on plant growth is partly due to 
leafftvomjde changes in the wiil, euch as the steaBy deptetidn of the stock of 
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calcium (farbonate and the inhibition of the activities of the nitrogen-adapting 
soil flora. 

Smoke pollution of soils attects the root system, plants grown in soil 
that has been exposed for long to such pollution being marked by an 
almost entire absence of root hairs and fibrous roots (Ruston, 1921). 

Etiology. — It has been repeatedly demonstrated that SO 2 is the most 
important polluting agent in the smoke of industrial center^ or from 
smelters, and experiments have shown the extreme toxicity of this com- 
pound for growing plants. SO 2 is a colorless gas, with a characteristic 
suffocating odor, and is 2.21 times heavier than air. It has a bleaching 
action ujxm many organic coloring matters, as may be illustrated by its 
effect uptin chlorophyll and the pigments of flowers. In the presence of 
water, it behaves as though sulphurous acid (H^SOs) were formed, but thir) 
substance has never been isolated. It may be stijl further oxidized to 
form sulphuric acid (H 2 SO 4 ), and some of the spotting of leaves and 
flowers in smoke zones is due to the action of this acid. 

The average ^^erson cannot detect S ()2 in the atmosphere by the odor 
when the amount is below 3 parts per million of air. Injury to plants may 
result, .however, when the amount is much less than can bc' detected by 
odor. The concentrations required to do injury to plaids, according to 
published reports based on field analyses and experimental ti^sts, vary 
from 1 to 40 parts SOo per million parts of air. The toxicity danger point 
will vary for different plants and will be affected by their stage of develop- 
ment but w'ill also 1 k' modified by environmental factors. The toxic 
limits for some trees have Ix^en given as follows* oak. 1-720,000; pine, 
1-500,000; and beech, 1-314,000. Itosivs show' visible injury with con- 
centrations r>f 1-250,000 to 500,000. According to Holmes ct aJ. (1915), 
‘‘a concentration of 10 parts SO., per million parts of air is neces^ary to 
produce? injury to growing grain.’’ 'rhe figures are sufficient to emphasize 
the extreme toxicity of S() 2 . 

There has been some diffi ronee of (qiinion as to the av(uiue of entrance 
of the SOo, some of the earlier w^>rkers ccmteiiding that it jK'netrjfted the 
epideimal w'alls as readily as through the stomatal oi)enings, but Weiler 
(1905) wan king with deciduous trees and Neger (1914) W’ith conifers have 
shown that the iK'netration is almost exelusively through the stomata. 
This will hold true for fully formed leaves with wcll-dev^oped euticie, 
but in immature tissues an appreciable abs(»rption will take place through 
th(‘ epidermal waill, 'I'lie conclusion is based on the observati(»ns that any 
treatments which cause a closing of life stomata during the jienod of 
ex|K)sure to SO 2 will either prevent the injury entirely or very greatly 
retard it. 

The sensitiv(‘iiess of conifers to smoke injury is a matter of common 
observation, and this has been attributed in large part to the clogging of 
the stomata by soot tfnd tars, the deeply sunken stomatal pits being 
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especially favorable to the collection of these materials (Bakke, 1914). 
Numerous microscopic examinations of conifers from smoke zofoes have 
showD heavy black deposits overlying the guard cells, and thes^ deposits 
were believed to be tar or soot originating from the smoke. This subject 
has recently been investigated by Rine (1924), who has found the same 
deposits in the stomata of leaves far away from any smoke zones. Ho 
concludes that the black stomatal deposit is a natural product of the leaf 
in xerophytic conifers in the nature of a wax which is finely granular and 
permeable to gases and therefore that no relation exists between wax 
in the stomata and he high sensitiveness of certain conifers to smoke, 
except that as a factor inducing xerophytism the wax may lower the 
resistance of the tree.” 

The injurious effect of S ()2 is due to its diffusion through the stomatal 
openings into the interior intercellular spaces and its penetration into the 
living cells, where it interferes with the ph 3 ^slological functions of cyto- 
plasm, kinoplasm and chlorophyll or in acute injury completely inhibits 
the life processes. This injury depends, in part, on the affinity of the S ()2 
for oxygen and its tendency to combine with aldehydes, substances 
formed especially in chlorophyll-bearing cells. S ()2 will, therefore, be 
expected to have a profound influence upon the photosynthetic processes, 
or the construction of carbohydrate food. Microscopic tests show that 
leaves injured by S ()2 will contain either no starch grains or very few, and 
this is in accord with the influence of SOv in reducing the carbohydrates in 
seeds or vegetative storage organs. The reduced supply of available 
carbohydrates will, therefore, materially reduce the constructive processes 
or the growth of the injured plants. 

The presence of small quantities of SO 2 has a marked effect on the 
process of transpiration, or water loss. First, there is an increase in the 
rate of transpiration, to be followed soon by a lower water loss than takes 
place in normal plants. Since transpiration is something of a measure of 
growth, retarded growth shcjuld be expected in SO- poisoning. This 
effect on transpiration may be noted in the diffen nt response of healthy 
shex^ts and those injured by S() 2 . In healthy shoots, the leaves draw 
moisture from the young succulent ^tem, which will will and drofjp, 
while under exactly the same conditions the smoke-injured shoot will 
remain turgid and erect. 

SO 2 in'jury is increased by light, moist air and high temperature. 
When plants are exposed to a toxic concentration (»f the gas, spf'cimcns 
placed in the light are injured, while others treated in every way the same, 
except for being kept in darkness, will show no injury. The amount of 
'njury for & gWen concentration of gas is proportional to the intensity of 
the illumination, or it might be stated perhaps with more exactness that 
the greater the photosynthetic activity the great eV the injury. This 
being true, the SOs injury is negligible during the night fxiiiods and sinks 
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to a minimum during the winter when plants are dormant. It has fre- 
quently 'been demonstrated that injury occurs sooner in warm, moist 
weather than under cool, dry conditions. Injury to young sngar beets 
has been noted in moist, warm weather in contrast to slight or no injury 
when dry weather prevailed. 

The Diagnosis of SO 2 Injury. — The determination of the presence or 
absence of SO 2 injury in a suspected case is not a simple matter, since 
symptoms alone are not conclusive proof of the type of injury. The 
absence of known parasitic troubles should be given consideration, but 
their presence should not be taken too seriously as indicating the absence 
of SO 2 injury. In connection with the symptomology, cert^ain tests may 
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\)Q empioye<l which will aid in arriving at a correct diagnosis Some of 
these are- (1) an analysis of the air at representative stations for its S ()2 
content for comparison with known toxic eoncent rat ions; (2) analyses of 
the haves of plants from siiiol e z()n(*s for their SOo content, for compari- 
son with similar leaves from ni'rmal habitats- the l)ehavior of special 
plant indicators, or the use of catch fdants; and (t) the study of lenticel 
sections from sensitive* s^x'cies for the piesence of a sulihmticular area of 
brown dead lis.sue walled off from the sound tissue by a cork layer 
(Neger, 1919). 

Numerous arialy.s(\s of smoke-injured foliage have shi^n ^hat the SO 2 
content is frequently two to four tunes greater m the injured leaves than 
in normal leaves if (h<‘ same speci(\s. Hince, however, the S ()2 content of 
plant tissues i« influenced by the soil i‘omposition, conclusions based on 
leaf analysis must be made with care. Lichens arc espc^eially valuable 
as indicators of SO^ injury, since they are especially sensitive. They are 
rare or absent from the trees of cities, due largely to the SO 2 content of the 
air, but it may be noted that their prevalence^ is affected by other factors 
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also. The epiphytic alga Pleurococcus has also been cited as an indicator, 
but it is less sensitive than lichens. Several different cultivated plants 
have been recommended as catch plants for cultivation in areas* in which 
smoke injury is suspected: (1) beans {Phaseolus vulgaris) by Sorauer; (2) 
Kp(‘cies of Polygonum or llheum by Hasclhoflf and Lindau; (3) a variety of 
grapes the leaves of which uirn red when injured by vSO^ (Weiler); and 
(4) Lupinus attgustifahus by Stoklasa. '^Fhe chlorophyll of lupine, which 
is especially sensitive, is deconiix>sed by 0.0004 to 0.0008 volume per cent 
of S() 2 . The essential in the catch-plaiii method is the use of a sensitive 
species in which injury may be determine<l with certainty by botanical 
or chemical means. 

Susceptibility of Species to SO^ Injury. Many observations have 
shown great variations in the sen'Sitiveness of various sf>ecies to SO, 
injury. Stoklasa (1923) giv'cs the comparative serAsitiveness of 44 herba- 
ceous species, indicating the lupine (/.. angusiifolius) as tlie most suscep- 
tible and chicory {Cichorium intghus) as the most resistant. Various 
legumes, including clovers, beans, peas, lentils and alfalfa, occupy the 
sensitive end of tl\c list, grasses and cereals an intermediate position while 
beets, potatoes and Brassica species stand near to chicory. Among 
garden ornamentals, ros(*s are reported as especially sensitive, respo/iding 
to 0.00026 to 0.00058 volume cent of SOs by the appearance of reef- 
dish-violet spots due to the formation of anthocyanin in the cells of the 
epidermis and [)aliaade parencliyma. Th(^ common iris is ni'ted by 
Ruston (1921) as the most smoke-resistant ornamental. There is a 
general agreement that coniferous trees are more sensitive than deciduous 
ones, with the exception of the a.sh (Fraxniu.y excelsior), which Stoklasa 
places at the sensitive end of a livSt of 30 tree species. The spruc(‘ (Pm-ca 
excelsa)-m noted as the most sensitive of the evergreens, with the common 
yew (Taxus haccata) the most rc'sistaiit. Tlie maple (Acer cauipcstre) is 
the most resistant of the deciduous trees, while the fruit trees cherries, 
apples, fK\‘iche:s and apricots— occupy an interm(*diate position b(*tween 
the conifers and most other deciduous trees, although the b'rch (Betula 
alba) IS UKire sensitive than some of the fruit tre(\s. 

Control or Prevention. -'J'he prevention of injury to the natural 
vegetation or to cultivated crops is largely in the hands of the agencies 
ndiich are responsible for the smoke production. The methods for the 
mitigation oi the smoke nuisance are based on either the retention of 
the injurious .substances or their dissipation in such dilute form that the 
concentration will never reach the danger point. Some of the suggested 
methods of retaining the noxious gas are condensation methods, decompo- 
sitVm with ifydrogen sulphide with the deposition of sul})hur, absorj)- 
tion of the acid gases by basic materials or washing the gaseous output 
with water. If the commercial demand justifies, the SOo output may be 
utilized as a source of sulphuric acid. The devices for diluting t he S ()2 
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before ft reaches vegetation are high smokestacks, numerous small stacks 
or some*modification of this principle or special devices for diluting the 
SO2 with air or combination of diluting and deacidifying. When it can 
be proved that industrial plants are responsible for crop damage as a 
result of SO2 or other exhalations, they are liable for damage. 

When the elimination of the smoke injury is not or cannot be accora- 
plishedy a certain measure of relief can be obtained by the selection of 
more resistant spCcies for cultivation. 
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DISEASES DUE TO CONTROL PRACTICES 

The treatment to save crops from losses clue to diseases or to insect 
pests is sometimes as productive of injury as the disease oj? pest. In 
treating seeds or plants with either fungicides or insecticides, by spraying, 
dusting, steeping or fumigating, chemical elements or compounds are 
employed that are poisonous or toxic to fungi, bacteria or insects, and 
ihese same preparations may be toxic or have injurious effects upon our 
crop plants or upon the cominercial products. 

Injuries from Spraying or Seed Disinfection. -The successful use of 
chemical poisons for disease or pest control is based on the selection of 
compounds which will have' thf* desired effect upon the pathogenes, 
inliibiting their growth or killing them outright, without cabsing serious 
injury H) the crop plants which they parasitize. The principal prepara- 
tions which have caused serious spray injury in agricultural practice are 
c(^ppr;r-containing fungicide's, especially Bordeaux, lime sulphur or other 
sulphur sfirays, arsenicals used ''liewing ins(‘cls and oil sprays used as 
contact insecticides. Of the many cln'inicals tried for disinfecting seeds, 
‘Uily a few have be'cn widely used, the most important being mercuric 
ehloride or corrosive sublinudo, c*»pp(‘r sulphate or bluestone, and 
formaldehyde. Viider certain conditions, all have caused injury, either 
by reducing vigor of growth or bv reducing the actual germination jx'r- 
cent age. Both spray injury aim seed injury will be treated more in 
di'tail. 

Injuries from Fumigation. — The use . *' fumigation as a method of 
distiibiiting the eheimcal is also fraught with danger. The fumigation of 
potato tubers witli formaldehyde for scab control resulted in so much 
injury that the method has never come into general use (Mors(', 1907). 
Cyi^nide fumigation of greenhoiis**s for the control of white flie.^ or other 
insects frequently results disastrously, since diffui'iiT sjH'cies of plants 
show <i varying tolerance, and seedling plan* tre generally more sensitive 
than more mature plants. 'I'hi.s makes it more difliculMo be sure of j 
safe dosage, since frequently mixed eultiin's of varying ages must b( 
protected. It has recently l>eeii shown (Butler and Ji'iikins, 1930) that 
only a neutral or nearly neutral Bordeaux should be used on plants to Ik 
cyanided. I'hc injury when non-neutral Bonhauix has beei^ usi'd is dy( 
to the formation of cupnc cyanide. Mvc'n m cyanide fumigation of citrm 
trees in the open,1[he dosage must be very carefully adjusted to avoid 
injury. In this connection, the practices of ana'sthesia to advance the 
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dal e of blossoming may be mentioned. The fumes of ether, chloroform or 
other amesthetic may have the desired stimulating effect, but they may 
also result m the death of the plant; hence the treatment requires special 
care. 

Injuries Due to Soil Sterilization. —Chemical preparations may also 
be added to the soil to kill bacteria, fungi or insects. The persistence 
of these chemicals in the soil or their interactions in the soil may result 
in injurious after effects upon the crop to.be protected or upon following 
crops. For instance, if sulphur is used in large amounts to control potato 
scab m contaminated soils (Sherbakoflf, 1911), the yield of following crops 
is reduced. I'he use of cyanamid, us recommended by Watson (1917), 
for the sterilization of soil for eelworms or nematode* caused so much 
burning or scorching of crops planted after the treatment that it was 
necessary to modify the practice (\Aatson, 1921). Carlion bisulphide 
has been used for soil disinfection for nematodes or sod-mfesling insect‘s!, 
but its use is difficult or impossible except in unoccupied areas, because 
of the poisonous effects upon the roots of plants. 

Injuries Due to Refrigeration. —Drief mention may be made of the 
injurious effects of refrigeration in the storage or transport of fruit. 1'he 
low temperatures are used to slow down the lift* processes in the fruit 
tissues and to retard the growth of rot-produeing fungi Jn WTap^x^l 
peaches, the browning and death of external patches, known as* 
scald,*' illustrate one of the difficulties encountered in lefngtTaiion (Hilf, 
1913). ‘^The internal browning of the Yellow Newtown ajiple is due in 
part to holding the fruit for a prolonged period at loo low a tenq^erature 
(Ballard et al.^ 1922). Brown heart of applet been shown to develop 
under Ihost' conditions of refrigeration which were d(\signed to prolong 
the storage life by retarding scald and inhibiting the action of rot-produc- 
ing fungi (Kidd and West, 1923). 
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BORDEAUX INJURY 

Through the work of the U. S. Department of Agriculture, Bordeaux 
mixture was introduced into this country in 1887. It soon came to be the 
generally accepted fungicide for the protection of growing crops from the 
attacks t)f various parasitic fungi. The principal complaints of injury 
from its use have been from orehardists. Apple and pt'nch trees have 
been most generally affected. The injury from Bordeaux has been 
known under such names as Bordeaux scald, spray injury, Bordeaux 
burning, spray russeting, cork russeting and yellow leaf. 

Types of Spray Injury. — The application of a chemical compound as 
a spray to the foliage or other aerial parts of crop plants may cause 
certain t 3 '’pcs of injury. Without specifying any particular fungicide, 
the injurious effects which may follow spraying may be grouped 
as follows: (1) Leaf injuries: staining, spotting, shot holing, burning, 
yellowing and defoliation or leaf fall. (2) Twig injuries: spotting, general 
discoloration, cankers, gummosis or dieback. (3) lilos^oin injuries: 
bligl\Jing of parts and failure to set fruit. {\y Fiuit miuries: staining, 
spotting or russeting, rnalforming and cracking, burning, reduction in 
size, dropping or modification of composition. (5 Eutire-plant injuries 
general necrosis and death. 

Not all the effects will follow from the use of a single fungicide on a 
given plant, but diffenuit crops will exhibit varying responses. It rn:iy 
be n( led, however, that the possible injuries are very similar to the effects 
of the parasites which the spra^^r ire intended to prevent or control. 

History of Bordeaux Injury. -Eurlv an the of Bordeaux ui thw coimtrv, tlie 
injurious (dlects iijxm the apiile wf'rc iu)tc‘d, and attention has repeutedlv b(*en railed 
to the dangers of spra\mg various crops with copper preparations Do, spue its 
injunoub elUs-ts, Bordeaux coiitinuMl to b<* the prevailing oichiud fungicide until the 
discovery of linu' sulphur, which has supplanli'd it iii the wnitrol of many diseases 
Even as (‘arly 1SS9, Weed stated that Bordeaux was not safe for spraving app^(‘^ for 
.scab There were numerous i(‘ports of a similar character in expennfent-station 
literature m this countn, and European investigations 'dso ui-re much conciTiicd 
with the injurious ctlects of this spra> Senne of the earlier reports m Anieri(‘a were 
Kv Jones (IS92), Green (1s93), Be'ach (1H91), Ijodenuin (1891 I80t0, Duggar (lS9^) 
and Stewart mid Eustacf (n.H)2) Tin* urgent need for a safe ior tin eontroi 

of the Virown rot of thi* pi^ach led to the work of Bam (1902), a physiological investiga- 
tion with special reicn'iK'c to the injurious effects of fungicides on peach foliagr* 
Despite various reeommendatiuns for the prevent ion of injury in apple orcliards,, 
growers still experienced much trouble, and •this led to th(‘ detailed investigations of 
the whole subject of Bordeaux injury by Hialrick (1907), who gave special attimtion 
lo cause, lavormg factors and methods of prevention. Mention should also be made 
of the work of Cranifall (1909) on Bordeaux mixture in general and his study of the 
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relation of meteoric factors to foliage and fruit injury Severe injury to peaches in 
New Jersey in the spring of 1009 led to a special study by Groth (1910) of Bordeaux 
injuiy^ on poaches. 

Symptoms and Effects of Bordeaux Injury. — Since it is not the custom 
to spray fruit plants with Bordeaux when they are in bloom, injury to the 
blossoms has but little practical significance. Both foliage and fruit 
may be injured, and in the apple the fruit injunes have been the principal 
handicap to the use of Bordeaux. 

Some of -the common names of the injury, as spray russeting” and “cork 
russptiiig,'’ indicate in a very general way the nature of the injury on the fruit. 
Injured Rpeciinens always become more or less rough and russf^ted, and the layers 
of damaged cells thick and corkj^ (Hedrick, 1907). 



Fi« b8 -Bordeaux injury A se\ere Bordeaux injury of half-Kro^n Ba]dA\m apples 
/i. Bordeaux injur> on a Rhode ibland Gieening apple {AfUi Hedrick, N Y (Gemia) 
Exp Bill 287 ; 

The injury appears first as small dark or brown specks^ less than 1 
millimeter in diameter, and these are more or less isolated, or they may 
lie so numerous as to coalesce and form rather extended russeted areas 
The location of the injured areas will depend upon the position of the 
fruit at the time when the spray was applied, being on the surface to 
which the greatest quantity of the spray mat(Tial adheres. Severe 
injuries to young fruits jnay cause more or less distortion in shape, due to 
k>calized atrophy or shrinking of tissue or in other eases to feat-like 
inalforniat ions *'As the severely affected fruits grow older, deep cracks 
may form, and these may be healed over with the formation of cork cells. 
The appearance of minute red ^pots, cemtenng at the Icntioels, on yellow- 
skinned apples has been attributed 'to the effects of Bordeaux (Barss and 
Smart, 1921),^ although other agencies may al^so produce similar effects. 
Moderate ru«iseting is of mam eruicern as affecting the appearance of the 
fruit; but the market \alue in.i\ lie ruine<i by the more seven‘ tyjK^s of 
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injury. Bordeaux-injured apples have poor keeping qualities, since they 
lose moisture more rapidly than normal fruits and are more easily invaded 
by rot-pr(¥lucing fungi. A very similar russeting of the fruit is caused bj 
frosts during the young stages of growth (see Frost Injury, p. 160). 



Fill f)9 — Boiclcftux spollint' <)l .,pi>l<> lo.if (^fltr lltdr:,/ V Y ,0'<ntwi) *£xp Ala 

lU,t 287.) 

in addition (o tiie [•i(>(tu('tion of loealizi'o lesions, Bordeaux has been 
noted to (MU.se reduction in tlie .size* of clauTU'.s and alsxiB increased 
susceptibility to frost mjiiiv (Dutton and Wells, 1928). 

On tlie foliage, Bordeaux injury very greatly resembles the leaf spot supposed 
to be caused by any (me of hevcral fungi. The affected leaves first show dead, 
brown hpot^, the inajontv of these .-pots are ciicular or roundish, with a diainetef 
of 1 01 .i iiiilluiieters but they are of ^arlous shapes and sizes, many are of irregu- 
lar outline and so huge as to apiK>ar to have ‘been caused by the coalescing of 
'-inaller s),ots Tlie line of demarcation between the dead tissue of the spots 
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and the living green of the leaf is well marked, so that the spots are very conspicu- 
ous (Hedrick, 1907). 

If the spots are few in number, no other effects may be noticed, but if 
numerous, the intervening tissues may turn pale green or yellow and the 
leaves fall. The amount of leaf fall varies from almost none to nearly 
complete defoliation. A loss of one-third to one-half of the foliage was 
considered a fair average for New York orchards in 1905, a season very 
conducive to Bordeaux injury. In the most extreme type of leaf injury, 
the affected trees may look as though they have been scorched by fire. 

The stone fruits in general, and especiali'y the peach, are more sensi- 
tive to Bordeaux or to other copper fungicides than the apple. Spoitine;, 
burning and defoliation will be more severe with the peach than with ihe 
apple when both are subjected to the same conditions, but the peach will 
also show a shot holing of the foliage. The shot-hole effect is not a 
resjKinse that is peculiar to Bordeaux injury but is simply a host response 
to localized injury of leaf tissue and may be induced by va ruins otht r 
factors (Duggar, 189H) Kven very weak Bordeaux may cause injury to 
peaches if certain favorable conditions prevail. In addition to the 
foliage and fruit injuries, a pronounced reddening of the sprayed twigs 
has been noted. A reduction m size of'Morello and Montmorency 
cherries, or ‘'small cherries,^’ has been attributed to the use of Bordej^ux 
(Dutton, 1928). Bordeaux spraying has also been noted as greatly 
increasing drought injury in ginseng culture (Wilson and Jlunnels, 1981). 

Conditions Favoring Bordeaux Injury. — The amount of spray injury 
has been exceedingly v^ariable, even with the same varieties and ,with the* 
same formula. It has also varied with localities, one region reporting 
heavy damage and another but little Pome of the most important 
features which favor or promote Bordeaux injury are as follows. (1) tlie 
use of excessive (piantities of the mixture; (2) the use of too strung solu- 
tions or of those that contain an excess of cc^pper; (8) mechanical injuries 
to the foliage, due to the presence of fungi or to the work of insects; (4) 
damp, foggy or rainy weather immediately following the application of 
the spray. It has been the experience of growers that the more spray 
they apply the greater the injury; i.e., a heavy dripping spray will cause 
more injury than a finely divided mist spray which covers the leaves and 
ffuit with a thin film. With (he thin films, there is never so high a eon- 
cenlratiov oCcopper at any one p<nnt as when drops collect and thick 
copper deposits are formed. As a general principle, it may be stated that 
increase in the copper sulphate content of Bordeaux will increase the 
amount of injury'. 

, Early formulas were much stronger than those used later. In 1888, 
the U. S. Department of Agriculture formula was copper sulphate 6 
l>ounds, lime 4 pounds, water 22 gallons; but by 1896 the 50-gallon formu- 
las became the rule, and the 4-4-50 formula, or 4 pounds of copper sul- 
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phate, 4 pounds of lime and 50 gallons of water was one of the common 
standards, although the copper sulphate content has varied from 2 to 6 
pounds and the amotint of lime from 2 to 10 pounds. Experience showed 
that the old formulas contained more copper than was really necessary to 
give the desired protection and that the danger of injury was much 
greater. It has been possible to obtain good protection against scab of 
apples with a 3-3-50 formula, and for various troubles on cherries and 
more susceptible stone fruits a 2-4-50 formula has been reasonably safe, 
while in some regions a 3-10-50 formula has reduced the amount of rus- 
set ing ui apples. 

Bordeaux mixture made by using equal quantities of copper sulphate 
and lime or an excess of lime does not prevent injury, but the danger of 
injury is -somewhat lessened. Hedrick (1907) opposed this view, but his 
conclusion has not been upheld by more recent practices. The influence 
of inst^ct injuries and the presence of fungous parasites on the foliage have 
been mentioned by various workers as increasing the amount of Bordeaux 
injury This may be explained by the easier penetration of the copper 
through the abrasions or breaks in the leaf surface. 

Many of the anomalies of Bordeaux injury can be explained by the 
jironoiuiced influence of the weather conditions which prevail during and 
immediately iollowing the spraying operations. The general opim’on of 
fruit grower's that wet weather favors the trouble was confirmed by experi- 
ments by Hedrick (1907). This relaluiii of meteoric moisture to injury 
was investigated in more detail by Crandall (1909), who states: 

The iiiiiiortance of ram and dew as agents causing brown spotting of foliage 
following apphcations of Bordeaux mixture is well attested by the uniform results 
obtained from the experiments with covered and uncovered trees. Two trees 
wore sprayed heavily; one was left expovsed, the other was protect'd from all 
rain and dew. This was repeated during three seasons. In each year, the 
foliage of the exposed tree was more or less injured by brown spots, while the 
tree protected from ram remained free from injury. 

The increased injury during humid, cloudy periods is now a generally 
accepted bict, but the theories as to the exact way in which the injury 
results have been 'omewhat at variance. 

Etiology. — Bordeaux mixture is made by biinging together a solution 
of bluest one, or copper sulphate, and milk of lime made by slacking quick- 
lime m wilier. Much has been written about the chemical composition 
and the physical properties of this preparation, but these features cannot 
be discussed at this point. 

One important character of Bordeaux mixture is agreed upon by #11 chemistsf 
viz.y that all but a trace of the copper is in -.he form of an insohd 1*^ precipitate. 
The clear liquid above this precipitate, which always forms when the mixture 
stands, has no value as a fungicide, the precipitate containing all of the fungicidal 
properties (Hedrick, 1907). 
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It is this finely divided precipitate which is deposited upon the {dant 
surf ices in spraying, and under atmospheric conditions the cop;>er 
hydroxide is changed into copper carbonate. Under bright, ^unny con- 
ditions dissolved copper does not penetrate the leaf tissues and cause 
injury, but under the conditions which prevail during humid cloudy 
weather more is brought into solution and more penetrates the plant 
tissues, hence the increased injury. 

It has been stated by various investigators that substances secreted 
by the sprayed plant or by germinating spores of fungi furnish conditions 
for the solution of small amounts of copper. It should be noted that 
during bright weather transpiration is active, the stomata are frequently 
more or less closed and the intake of carbon dioxide is in excess of the 
outgo, or nearly in balance, while in humid, cloudy weather transpiration 
is checked, the stomata are open, photosynthesis with its consumption of 
carbon dioxide is less active but respiration with its production of carbon 
dioxide is still active A consideration of the above facts led Groth 
(1910) to formulate the following theory of Bordeaux injury ;n hi^ study 
of the spray injury of peaches. 

An excess of CO 2 , evolved in the shade, passes into the water standing on the 
leaf during wet weather. CO * is dissolved, and the carbonated water thus formed 
dissolves some of the copper. The copper solution diffuses through the water 
film into the stomatic chamber and kills the cells with which it comes in contact. 

Boitdeaux injury is generally slow in developing. It begins after the 
rains Supply the requisite moisture and may continue to develop for 
weeks or even months. In the young growing structures, either leaves or 
fruits, the epidermis has not yet become cutinized, and hence penetration 
of the poison is possible through these unprotected walls by osmotic 
transfer. It was formerly stated that the late spraying of apples was 
dangerous, but Hedrick (1907) has pointed out that Bordeaux injury 
on fruit comes from early spraying, after the blossoms have dropped, and 
it is not probable that much damage is done after the hairs have been 
shed and the stomata changed into lenticels.'' 

Su^eptibility of Different Species and Varieties. — Some species of 
crop olants are so tolerant to copper that little or no injury results from 
the use of Bordeaux, even under conditions that would seem to be espe- 
cially favj^rafjj^le. This is true for the potato, a crop which must be pro- 
tected from late blight by the use of Bordeaux. Of the plants commonly 
sprayed for fungous diseases, the peach and the Japanese plum occupy 
the other extreme and 

. . are so® easily injured that it is seldom profitable to spray them with this 
compound, since a strength of spray which will control fungi will usually injure 
the foliage of these trees. In spraying practice, it is found that the apricot and 
the Japanese plum behave much as does the neach when snraved with Bordeaux 
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mixture and that the Domestica plums, while not so easily injured, yet not infre- 
quently show harmful effects on both fruit- and foliage (Hedrick 1907). 

Cherriqp are more comparable to the Domestica plums, but sweet 
cherries are more sensitive than sour varieties. The grape is also injured 
by copper sprays, and much has been written concerning the injury from 
and the protection afforded by various preparations. The apple, quince 
and pear are about equal in their tolerance to Bordeaux. Both pears and 
apples show considerable variation in the resistance of different varieties 
to copper. Hedrick groups pears into varieties injured badly and those 
injured blit little, the Anjou belonging to the former and Bartlett and 
Winter Nelis to the latter. Apples show a much greater variation in 
f^usceplibility, and resistance seems to bo a definite variety character. 

Fruit and foliage do not always show the same degree of immunity; i,€., 
a variety may be susceptible to the injury on the fruit and comparatively 
immiine in the foliage or the reverse (Hedrick, 1907). Over 150 varie- 
ties of apples were classified by Hedrick as to their immunity to Bordeaux 
injury and grouped in the following division^: (1) no injury or very slight ; 
(2) slight injury; (3) badly injured; and (4) very badly injured. Impor- 
tant ('ommercial varieties are found in each group, but the classification 
.^hows that the Russian varieties and crabs are generally moic subject 
to Bordeaux injury than other varieties, although some important 
Russian varieties are highl}^ resistant. 

Prevention. —The danger of injury from the use of Bordeaux has led 
to its abandonment as an orchard spray whenever it has been possible 
to find a satisfactory substitute. This has Jed to the use of lime sulphur 
or sulphur dust in certain regions. For certain diseases of apples — e.g., 
latter rot, blotch and Pacific Coas^ ant hracnose —Bordeaux is still the 
most satisfactory fungicide. In case Bordeaux must be used for spraying 
apples, it will be impossible to prevent some injury because of the influ- 
ence of climatic factors over which the grower has no control, but the 
effort should be made to cut the injury down to as slight an amount as 
possible. The following recommendations should be the guide in so far 
as possible; (1) Consider the resistance to Bordeaux injury, but select for 
planting varH*ties that are otherwise adapted to th^ environment; (2) 
reduce the formula to the one containing the least amount of copper sul- 
phate that will give the desired protection, an i use an excess of lime and 
a casein spreader; (3) practice moderation in spraying; ?.e..^pgiy with a 
fine mist that will cover but not drip heavily; (4) spray as nearly as pos- 
sible in dry weather avoiding damp, foggy or rainy periods; (5) remember 
that early spra 3 ongs arc the most flangerous, and give special attejiition to 
cutting down iujuries at that time* 
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LIME-SULPHUR INJURY 

Ume sulphur was first introduced into orchard practice as a substitute 
for Bordeaux mixture and was heralded by its advocates as a preparation 
which would eliminate spray injury, especially in the apple orchards, but 
it was soon found to cause several different types of injury. 

History.- Lime sulphur was first used on a commercial scale as a sumiruT spray by 
Cordlcy in 1908, and its general adoption as an orchard spray followe»l very quickly in 
the Pacific Northwest an<l m tlie eastern United States. Serious injury to ]ieaches was 
rciKirtcd by Scott (1909), and a year later Wallace (1910) made a special study of 
lime-sulphur injury, giving special attention to apples and peaches. IIis work was 
concerncd«mainly with fohagi* injury, a.s fniit injury seemed to be rare under New York 
conditions. The success which attended the use of lime sulphur for apple scab led to 
its substitution for Bordeaux in the spraying of potatoes for late blight, and its injury 
to the potato was revealed by the t(*sts first published by Stewart and Fn*nch (1912) 
^ and continued by Muiin (1912, 1915). The introduction of lime-sulphur spraying 
into the hot irrigated valleys of the Pacific Northwest soon showed that the spray 
behaved differently under the prevailing climatic conditions. A new phase of lini(‘- 
sulphur injury, th(‘ burning of the fruit, formed the subject of u special investigation 
by Safro (1913) in Oregon. The unsatisfactory character of hme sulphur as an apple 
spray led ta the adoption of iron sulphide m the Pajaro Valley of California (1914). 
Neither this new formula nor lime sulphur proved satisfactory for ptiwdery-mildew 
control in the Pacific Northwest, especially in the hot irrigated valleys, br*eaus<' of 
severe fruit injury or ‘‘sulphur sun scald.*’ 
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Another and more severe type of injury was first reported from Nova »Scotia in 
1914, growers claiming that they had '\sprayed their apples off the trees.” This 
inrhrect injury tc the fruit has been investigated in some detail by Sanders (1922), and 
a somewhat siftiilar effect of lime-sulphur injury has b(‘en noted in other regions having 
about equivalent amounts of sunslune dunng the growing 'season. 

Symptoms and Effects of Lime-sulphur Injury. — Lime sulphur may 
cause localized injury to cither foliage or fruit, causing characteristic 
lesions. It may also cause the dropping of fruit as the result of inter- 
ference with the physiological processes earned out by the foliagg and in 
certain plants may have a retarding or inhibiting effect upon growth and 
cause reduction in yield without the production of evident lesums. 

Foliage injury of the apple may be of several typl^s 

lVrha])s the most coimnon U'pe ih the dull brv)\\n sjiotting or upirgiiud and tij) 
fmrniiig whi^ii occurs where hanging drops of the 'Solution ha'T gradually beer^nic 
more cimceniraled during the drying process (Wallaee, 1910) 

In the case (^f lesions rem ved from the margin of the leaf, a scab 
infection or an ins(‘ct injury usually marks their centers. With numen*us 
scab infections the burning may be geiuTul and si'vere Even in the 
ahscnee of seal), heavy drenching of the foliage may result m the burning 
of large areas or of entire leaves 

In general, lime-sulphur solution, unless applied very weak, ie /ikel> 
to cause considerable burning of peach foliage. Tlie occurrence and the 
character are quite different from those on apple foliage. In tlie latter 
case, the dark-brown spots or burned areas at the tip or margin of the leaf 
ajipiear within about 2 days after the application. On the peach, it may 
be almost a week before the spotting is noticeable. Then, certain defi- 
nitely outdined speds appear, usually^ itLei pale green, with darker green 
or reddish-brown borders. In mild cases, it somewhat rei-embles thi‘ 
effect of the leaf-spot fungus; and, as in leaf sp >t, the injured parts finally 
drop out, leaving the shot-hole effect, “Very slight injury ir, sufficient to 
cause the falling of peach leaves, so that defoliation in severe ca.ses is 
likely to be very noticeable^^ (Wallace. J910) Under ecTtain eoiuhtions, 
even dormant .spraying with lime sulphur may cause injury. Attention 
has IxH'n called to the injury to |>each twigs and buds in (California when 
sprayed immediately after a severe north wind of 1 or 2 days’ duration 
(Urbahns, 1931). 

Experience in general has substantiated the couclusions^of •Wallace 
(1910) that: 

If any ru.^seding has been caused by lime sulphur, it so more evident 
than tile natural russeting that has occurred ^]Ulte conunonl> the seiM.n that 
it is very hard to distinguish bel>\eeii tlie two. 

According to Bonifs (1911), “llesiilts from many exjierimenis show 
absence or reduction of fruit russeting with the use of linn' sulphur,” but 
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more recently rather general russeting from the use of lime sulphur has 
been noted (Young and Walton, 1925). If used during periods of high 
temperatures and intense sunshine, it may cause a burning of the fruit, 
which may be called ^'sulphur sun scald,” the lesions being very similar to 
those due to sun scald alone. The effect on the fruit is the appearance of 
a pale-brown, more or less circular area on the sun-exposed cheek of the 
fruit. As a result of the death of underlying cells, the spot becomes 
darker and flattened or even slightly depressed, and the affected area may 
be somewhat checked or cracked This type of fiuit injury seems to be 
confined very largely to the semiarid irrigated fruit districts, which are 
characterized by high summer temperatures and intvnse sunshine, or to 
exceptionally hot and di*}^ seasons in regions which are normally fairly 
humid. 



Fig 70 — Sulphur sun scald of apples 


Until quite recently, this direct fruit injury was believed to be the 
principal dangei to the fruit resulting from lime-surphur application*-, hut 
the dropping of the fruit following the use of lime sulphur has caused 
senous losses under very different climatic conditions A specific illustra- 
tion given by Sanders (1922) may be* cited from results obtained in Nova 
Scotia. Trees were sprayed with Bordeaux (3-10-50) and lime sulphur 
(1-40) each year for 7 years from 1915 to 1921, with the result that Bor- 
deaux-sprayed trees produced an average of 341 2 apples per tree, while 
the lime-sulphur-sprayed trees yielded an average of only 73.25 apples 
per tree. It was also shown that the injury which caused the fruit to fall 
also reduced the size of those which did grow to matunty This would 
indicate a checking or an inhibition of the photosynthetic processes as a 
result of the spraying 

The losses possible from lime-sulphur spra5ing may be judged from 
the analysis by Sanders (1922) of conditions in Nova Scotia: 

Id 1911, the Annapolis Valley produced approximately 1,700,000 barrels of 
apples In 1912, the growers started using lime sulphur generally and eontinue<l 
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its use until 1919. During the 7-year period, the crop did not in any year reach 
1,000,000 l^arrels. In 1919, the growers there changed to a 3-10-50 Bordeaux 
and used an appreciable amount of dusting material, with the result that they 
produced ofer 1,000,000 barrels. In 1920, lime sulphur was completely aban- 
doned and a sjeater amount of dust used than ever before, and that year a crop 
f)f nearly 1,200,000 barrels resulted. In 1921, tw6-thirds of the orchards there 
were dusted and the remainder sprayed ^nth the modified Bordeaux, and a crop 
of over 1,500,000 barrels wavS j)roduced. In other words, changing to dusting 
and modified Bordeaux and the abandoning of lime sulphur have not only almost 
doubled the Nova Scotia apple crop, but it has given them three large crops of 
clean fruit in succession. 

It was estimated lhat the yearly loss in Nova Scolia fnim 1912 to 
1918 from the use of lime sulphur amounted to over 700,000 barrels.^ 
The dropping of the fruit has also been noted in a number of localities 
when lime sulphur is used but the earlier applications omitted. Since the 
dropping ol the fruit would have been prevented by gradually accustom- 
ing the tree.® to lime sulph ur by the earlier applications, the Iv^havioi 
noted is referred to as “sulphur shock. 

The best illuslrahon of the retarding or inhibiting effect of lirne 
sulphur on a crop of a different character is shown by the comparison of 
Bordeaux find lime sulphur as a spray for potatoes. From T(\sts carried 
out in New York during four successive seasons (1911-1914), Munn 
(1915) stales that lime sulphur “aggravated tip burn, dwarfed the plants, 
shortened the iieriod of growth and reduced the yield The lime- 
sulphur-sprayed plants died 10 days to 2 wt^ekvS earlier than those in 
unsprayed rows, and the average reduction in yield per acre amounted to 
28.5 bushels. Not only does lime sulphur have tliis inhibiting effect upon 
the life processes of the potato, bu^ it if much less valuable than Bordeaux 
jn the contml (»f late blight. It has been stated that lime sulphur has a 
d(‘pr^‘ssing effect when used as a tspray for raspberriCvS in the Puget Round 
eouiitry, huX this doe.^ not seem to be the case in recent Wisctmsin tests 

Mention should be made of the relation of lime-sulphur sjiraying to the 
production of “ spriiig(‘rs,” or swelled cans (Stevensf)n, I92fi, Oulpepper 
and Moon, 1929) These are caused by the formation of hydnigen and 
liydrogen sulphide, while the fruit may have a sulphide flavr^r, ancf the tins 
slmw sulphide staining. 

Etiology.— Lime sulphur, which is made by b(uling tf>gether bme, 
sulphur and water, contains calcium polysulphides (("aS^ 'iiULfaS,) and 
calcium thiosulphate (C^aSiO.^) as its most important ingr(‘(liOTits. Both 
are soluble in water, but the former have been shown to l>t‘ the cause ol 
most of the injury. The oiiiur normaJ jngrodionts are practically harm- 
less. J^ime-siilpliur injury appears a few days after the spiajf is appheck 
as opposed to Bordeaux injury, which is generally much delayed This 
behavior, according to Wallace (1910), appears to be due to the fact that- 
the polysulphides remain in the soluble form but a short time. 
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Lime-sulphur injury will vary more or less under constant climatic 
conditions, bt'ing influenced by condition and susceptibility of thij plants 
sprayed, Ihe concenl ration of the mixture, the kind of arsenical employed 
and Ihe time and method of application, but climatic factors are of direct 
bearing, especially in the case of sulphur sun scald and the dropping of 
the fruit . 

11 is generally agreed that the intensity of injury from hme sulphur 
depends on the percentage of soluble polysulphides presonL Lime sul- 
phur is dilut(*d on the basis of the Bauin^ test, but the sp(‘cific*-graviiy 
test is an inexact l>aKis for determining the polysiilphide strength of 1he 
spray. 

, A dozoTi .>ain]>lo of lime sulphur all LaWng thr '•arir^ .''Pecuir gj*;j y inu\ -hv^v 
no two shinjihs alike in t><t '*ent of soluble sulplzidc'^ lurll)* riiuTe, a uuple 
having a low specifie gra\ity may have a prent#^ f>ex'‘ ceiit of soluble' ^ulphiilo'. than 
a sample having a higlier speeifiugravjtv (Safro, 19.3 1 . 

Specifie gravity is del^'rmined by all ingredients in srdution; hence 
the density is ne^ accurate measure of the power of a given silution lo 
cause injury. Wallace believed that lime-i-ulpluii injury was due stdel^ 
to the direct action of the soluble polysulpliides, Iml the expeiimenis ol 
Safro (19J3'1 and others indicate that injury may lesuh aftfT th(* Sr)ra^ 
is dry. It seems to ho t rue that injury at high temperatures is clue to tin* 
rapid oxidation of the sulphur and the production of cMther siiljihiirous or 
sulphuric acid. 

Safro (1913) attempts to account for liiae-sulplmr sun scald of apj^les 
on a physical basis rather than from chemical read ions Hc^ states that 
the difl’erence in tlie injury to sprayed and unsprayed fruit may b<' 
accounted for by the difteronce in the absorption r)f heat. 'Hie residue of 
lime sulphur deposited upt>ii the fruit retards rachalKm and increases the 
absorption of heat, depending on it.s thickness, and hence sprayed fiiut 
burns more than unsprayed Ijecause the Inssues become more heated 
This undoubtedly plays a part in the production of injury Init can hardly 
be accepted as the sole cause Whatever the evjilanation, it is true (hal 
sun scaldds more rte\c‘re in sprayed than unsprayed trees, and w'hen ilie 
temi)eratures are high (95^F <»r above) ^his hold"' with lime sulphur, 
iron sulphide or elemental sulphur, 

^ A very reasonable explanation lias been given by Sanders (1922) for 
the dropping of apples and the* injury to such crops as the potato, grape 
and other (‘specially sensitive plants. The lime sulphur i)enetrates the 
stomata of ihe leaf surfaces and acts direcll}' on the eiilorophyll bodies, 
causing a discoloration that can be cleiected by mieros(‘o])ic e\aminatn»ns. 
This derangement of the chlorophyll apparatus inhibits or retards the 
photosynthctic process, and hence the young apples afe “starved off the 
trees. This manner of action was further substani iated by certain tests; 
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(1) Lime sulphur applied to apples alone caused no fall; (2) when sprayed 
on the upper side of the leaves, there was likewise no dropping; but (3) 
when the undersides of the leaves were sprayed, most of the apples 
dropped off in the same manner as in ‘Mune drop.’* In this connection, 
it should be noted that stomata arc present only on the undersurface of 
apple leaves. It is of interest to note that the foliage of the potato, grape 
and other plants which have stomata on the upper surface cannot be 
sprayed with lime sulphur without causing serious injury, ''rhis inter- 
ference With the manufacture of carbohydrates wull not only explain th( 
dropping of the fruit, but it wall explain the reduced size of that which 
does remain and also the reduced yields in a crop like the potato, whicli 
dopf'nds on the storage of carbohydrate f(»od. It is suggested that th(‘ 
difI(Tonce in the susceptibility of varieties to lime-sulphur injury is due 
in largo part to the difference in (he permeability of the leaf surfaces 

According t(. Sanders (1922)* 

it was roiiiul th.at the it> of the injury seenic<l to vary with the amount 

of sunlight during May, June arnl July In I'.ngland, New Zealand, the Kootenay 
valley in Ih'itisli Columbia and in Nova Scotia fruit removal by lime sulphur 
seems t<> occur (‘\ery year lu such areas as Ontario, New York State, lSe\\ 
Isngland, etr., wiien tiiv‘ro is more sunlight, say an av(Tage of over 250 hours of 
sunshing }»♦ ^ n'onth during May, June and July, it would seem that serious fruit 
removil 0} limt.' sulphur occurs only in seasons when tlie amount of sunshine jX'r 
rnonlt' drojjs below that figure. Siricf chlorophyll depends on sunlight not only 
for it-- action in converting carbon dioxide into sugar but for its own actual forma- 
tion, it can readily be stx'ii that in years of plenty of sunlight the chlorophyll 
would bf* rejjlaced almost as fast as it wais injured, and the injurious effects on 
the and tn*e rendered almost negligible, w'hereas in years of little sunlight 

tlu‘ injury might be severe in the san e areas. 

Prevention of Lime-sulphur Injury. — Since lime-sulphur injury is 
df pendent in part on climatic factors and upon other features which are 
difhciilt to control, there is no ceilaiii inCihod o( completely eliminating 
injury. The following possibilities should serve as a guide: (1) Discard 
lime sulphur entir(*ly for certain sensitive crops or for the more resi..tant 
crops under cliinalic conditions that are especially conducive to. injury. 
The substitute must vary with the crop, the temj/cratures which prevail, 
the amount of sunshine and the pt^sts to be controlled. (2) For tolerant 
crops, reduce the concentration to the lowest point which will give the 
desired protection. For the apple, 1-30 of the 33° IV- Concentrate is 
reasonably safe, but 1-50 is as strong as should ever he used for summer 
applications on the peach, while some recommendations call for nothing 
striuiger than 1-100. So much injury with even this strength is likely, 
that such fungicides as self-boiled lime sulphur or dry-mix liine siilphiii 
are recommended as*substitutes. (3) Use arsenate of lead as thearsenical, 
since arsenite of lime, arsenite soda and Paris green are likely to cause 
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serious foUage injury when mixed with lime sulphur. Dang^^r of injury 
with the combined spray of lime sulphur and arsenate of lead is materially 
lessened by the use of a casein spreader (Thatcher and Streeter, 1924). 
Injury is lessened by the use of to 3}4 pounds of ferrous sulphate per 50 
gallons (Dutton, 1928) or in the case of the New Jersey dry-mix by the 
addition of 3 to 4 pounds of ferric oxide per 50 gallons (Ginsburg, 1927). 
(4) Spray with moderation, since overdrenching is likely to cause injury, 
as in spraying with Bordeaux. It has been claimed that the use of the 
spray guri in the orchard has increased injury, presumably by covering 
the lower leaf surfaces to a greater extent than by the old method with 
mist nozzles and extension rods. 
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INJURY FROM OTHER SPRAYS 

Brief mention may be made of injury from some of the other spray 
mixtures, es{)ecially arsenicals and coal oil or its products. Of the three 
most important arsenicals, London purple, Paris green and leacf arsenate, 
the first is the most injurious, Pans green loss dangerous and lead arsenate 
the safest. The injury from an arsenical is due to the original content 
of water-soluble arsenic or to intoraotions in a mixture which liberates 
free drsenic, London purple was largely discarded in favor of Paris green, 
because of its large amount of soluble arsenic, while Paris green, which 
has shown a varying percentage of free or water-soluble arsenious oxide 
(Colby, 1903), has been very largely supplanted by lead arsenate, winch 
contains but very little free arsenic. Recent studies (Swingle, 1929) have 
shown that both arsenious and arsenic acid are present in commercial 
lead arsenate and that at low concentrations both are about equally toxic 
to peach foliage when compared on the basis of metallic arsenic content. 
At hif^ier concentrations, however, arsenic acid is more toxic, posBibly 
because of its greater penetrating power. The author concludes that it is 
“impossible to reduce the soluble arsenic m acid lead arsenate sufEciently 
to prevent serious injury when used on tender foliage.'^ For safety on 
tender foliage, material must be added to neutralize the free arsenic. 
Injury has been lessened by the addition of hydrated lane (Campbell, 
1926). In wet seasons, this has ^ '^en nearly worthless on peaches, but 
under these conditions very’' satisfactory results have been obtained with 
4 pounds of zinc sulphate and 4 of hydrated lime added to 1-50 lead 
arsenate (Hurt, 1931). 

Lead Arsenate Injury. —Spotting or burning of foliage may result 
from the use of lead arsenate, although this rarely causes st^vere injury 
except on the more sensitive species. Several features of interest in the 
investig'ations of Fernald and Bourne (1922) may be noted: (J) Neutral 
lead arsenate was generally the least injurious; (2) clear- weather spraying 
was safer than cloudy, (3) spraying at high temperatures is safe if the 
humidity is low; (4) spraying at high humidities is safe if tli(i ttynperature 
IS low “From the evidence at hand it would seem that, with reliable 
arsenicals properly' made, mixed and applied, injury results from the 
combination of temperature, humidity and light factors. “ The dwarfing, 
shriveling and dropping of English Morello cherries has fc(pen shown 
(Gloyer, 1926) to result from pedicel injury from acid lead arsenate, 
when used either alone or in combination With Bordeaux, lime sulphur or 
sulphur dus<. Similar iniurv was recorded on uruiies. 



238 


MANUAL OF PLANT DISEASES 


Exceptional injury has resulted from lead arsenate spraying in numer- 
ous cases in which growers have used lye instead of a safe spreader The 
foliage injury has simulated the leaf spot lesulting from the black-rot 

fungus so closely that it has been 
mistaken for that disease in a number 
of cases. The addition of the lye 
liberated free arsenic, which caused 
the injury. Under (he same treatment, 
the fruit showed numerous minute 
black-scorch specks 

An interesting type of injury in 
citius fruits has lecently been invc’^ti- 
galed by Gray and Kyan (1921; 
Oranges spiayed with ‘Tizif and 
“ Victory,^' proprietary preparations 
containing soap powder, sulphur and 
lead arsenate, had their acidity reduced 
to roughly 50 pei cent of the normal 
acidity on fully ripe oranges,’^ but in 
many cases, ei-pecially \"ilencias which 
hung on the trees beyond the usuifl 
harvest time, the i eduction was even 
greater. It was their conclusion <hat 
the slow liberation of a soluble form of 
arsenic was the cause of the leduced 
acidity, and they demonstiated that 
the changed acidity resulted w^hen acid lead ai senate was used but 
did not appear when a basic lead arsenate was employed 

Consideration should be given ai this point t^i two reports by Headden 
(1908, 1910) on the '‘arsenical poisoning of fruit trees ” Thiec forms of 
arsenic poisoning were recognized (1) sy^temu msen ial poi^ornnq, due 
to the distribution of arsenic throughout the tree, resulting in a disturNnl 
nutrition and growth and vsometinies ending m death, (2) (o}rosive 
arhemcal poisorimg, due to localized attacks, affecting the tree at the 
crown, below the surface of the soil and freiiucntly the large roots also, 
causing death and disintegration of the bark and cambium and internal 
discoloration^, of the w^iod, (3) a bleeding^ due to the combined action of 
lime and arsenic There are some we«ik points in the a urnenfs and con- 
clusions of Ileadden, and Balls (1909 1910) attnbutes the similar condi 
turn of tH'es in Utah to alkali Q,nd seepage water, while Giossenbaeher 
•(1909, 191^2), in •studies earned out in New York, attiibuted the crowm 
rot to unfavorable winter conditions or winter injury. There are positive 
cases of crown corrosion due to alkali in our western irrigated semiarid 
lands, and the collar- or crown-rot type of winter injury is not uncommon 



Fill 71 — Arflenical injury to apple 
leaf. 
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From the more recent work of Swingle and Morris (1917), some additional 
evidence ris presented that arsenic poisoning may play a part. They 
slate that# “We have established conclusively that arsenical compounds 
used as insecticides can be made to injure the crowns of trees under con- 
ditions very similar to those that result from some orchard practices “ 
It still remains an o|>en question as to the exact part played by winter 
conditions, alkali and soluble arsenic in the injury and death of fruit 
trees. It is conceivable that all three factors may be operating under 
oirtain ccuiditions. while m others only one or t\^o ol these* injurious 
foTce^ may be afTecting the iiijund trees. 

l)unngthela«tfewyear->, tlieiveuiremont that market fruit, especially 
apples and pt'ars, must comply with iho i'Vderal standard for freedom 
from , rsenieal spray residue luu foeined 'dtcntion iq on the whole 
nnrbhuu oi lead arseaale and its use as -in insecTicide Two ai peels are 
iinn]v<‘d Ml the cleaning of fruit at harvest linu^ to nahice tlie arsenical 
le'-iduf to the ouantity permi led; (2) handling the fruit in such a way as 
to \m \ent ars’Muca^ calyx burning during t he cleaning pr<>cess Washing 
applet or p(‘'i!- ip (-ither acid oi alkali cUmikts !•- jiow' necessary, except 
wl ri, *M,i]dii j(»us iia\r’ lequirevl but few appiicai ions haul arsenate. 
r*dv\ burning f^’oin free arsenic wnis known to octur lu the orchard 
to inu\Tsl before the da>s of spray-residue removal, but under 
(eri'iin KUKliiions arsenical bnimiig has resulled in vere form as a 
iCMih ihe cleaning. This is nt/w largel}^ jm* vented by the use of 
improved machines, the proper rinsing of the fruit to remove the free 
arsenic or the u.m' of a neutrahziag nn'='e. Tmltr field conditions, heavily 
sprayed fruit has shown consulriable ealyx burning following late fall 
i.uns or it allowed to stand in the pickinj.* boxes m the orchard during nun 
fHTKxis Olio of the serious aspects of aisimical calyx burning is that it 
offer- an avenue for the entrance of blue mold or other decay- producing 
fungi 

Injury from Contact Insecticides. -Before the da}s of JMack-leaf 4(k 
when kerosene and kenjsene (miuVious wTre the caanmori contact insecti- 
cides, th( re were numerous reports of severe burning (»r injury, especially 
to vegetative structures, but the use of the tobiueo preparatibns has 
largely removed this danger. The use of distillates in ih(' spraying 
of citrus fruits (A'olck, 1003) has resulled in the spotting and yellowing of 
foliage with more or less defoliatum and in the sp<itting anj^l chopping of 
fruit. The ph 3 ^«!lcal basis of the injury is supposed to bo from the insula- 
tion or sealing over of parts with the conscfiueiit interfort'nce with tiu' 
normal gaseous exchanges, while the chemical basis of the injury is the 
absorption of volatile products. 

During recent years with the introduction of oil sprays tor trie protec- 
tion of trees during fheir dormant period, cases of very severe injury have 
been reported, when very low temperatures followed the application of 
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the spray. Whole blocks of trees have been killed outright, and as a 
result of these experiences the use of an oil spray during the wtnter when 
there is danger of zero weather is considered unsafe. Np adequate 
explanation of this injury has been offered, but it seems possible that when 
low temperatures prevail, the sealing and insulation of the entire aerial 
structure by a coating of oil may so affect the internal oxygen-carbon- 
dioxide ratio as to kill the protoplasm, while at higher temperatures the 
critical ratio would not Ije reached. This idea is suggested from the 
recent studies of brown heart of apples under refrig^-ration (see p. 188). 
Lesser degrees of injury from oil sprays have l:>een nol(‘d fnun dormant 
applications including twig and bud killing, tinder certain conditions 
when dormant applications have caused no a]»pareiit injury, delayed 
dormant applications have killed blossom buds or delayed flowering. 

The rather extensive use of summer applicatif»ns of oil in the control 
of scale, red spider, leaf hopper and codling moth have revealed many 
cases of rather pronounced injury (o both citrus and deciduous-leaved 
fruits. These injuries include yellowing, stunting, spotting, burning and 
abscission of foliage and dwarfing, spotting, nisseting, dropjiing, poor 
coloration, scalding and delayed ripening of fruits. In certain cases, 
there has been a complete dropping of stone fruits soon after aif oil 
spray early in the season, the fruit being “sprayed off'' the 
trees. 

Light oils are mucli less likc^ly to cau-e injury than heavy oils of high 
viscosity. It has been shown that they penetrate the loaves mostly 
through stomata and are transl(*cated to adjaceiil tissues. The injurious 
effects are thought to be physical rather than chemical, including interfer- 
ence with transpiration, respiration and photosynthesis. There seems to 
be a lack of unanimit}- in current publications as to the exact factors 
involved in the production of injury. In general, spraying at times of 
high humidity or at times of high temperature has ^given the most 
injury. 
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INJURY FROM SEED DISINFECTION 

Many parasites of crop plants are aeed borne, being carried either in 
or on the seed. The smuts of cereals have become so widespread that 
ireatnient of seed gram to kill the parasite has become general in many 
sections of the c<*imtry. Ilot-water treatment s have been used, especially 
for the loose sinuth of wheat and barley, diseases in which the smut fungus 
is an intraseminal parasite, being present as a dormant invcelmm. For 
the cereal troubles in which the or|>ani'am is carried iij spims on the sur- 
face of Uie iM‘ed, some clK'inical agent is generally used, and the ^eed is 
steeped, sprinkled or sprayed with the fungicide or 'oated wath the poiton 
in the form of a very fine dust. 

Seed Injury from Hot Water. — The modified hcjt-water treatment of 
wheat has bK^en aoied to cause more oi less injury when the seed is sub- 
jected to the action of tiiC hot water for a suffi^'ient length of time to kill 
the intiTnal mycelium of the loose-smut ioiiji>as flO minutes at 54°C.; 
allowable ranj:;e 52, t<' The seed injury from this treatment has 

recently bc'eu studied by Tapke (1924^, and the following effects were 
nolec^; (1) a reduction in the germination percentage; f2) an abnormal 
germupation as irulicalrd b\ small spindling seedlings; (3) a retardation m 
the rate of emeigerice of secallmgs, and a slower growth during the seedling 
stage; (4j fewer culms })er plant and possibly decreased yields. * The 
average germination percentage of 33 varieties, wais 87 6, while the saiiK^ 
varieties when treated l)> the standard hot-water method ga\e an ‘uerage* 
germination of (mly 52 7 per cent It was furtliei shown that this injury 
was due t<; the physo al conditioji^ of the seed coa^s, as treated, hand- 
threshed seed with no or ciacks in the (*oats gave a germina- 

tion praclicailv (H(ual to imtreat^^d gi am 4'he s(‘e(l-ooat damage is duo 
largely to rnaehme threshmL' and vanes with the variety, the drynt'ss at 
the tJnic of threshing and the ^peed of tlie cylinder Reduction in 
germination occur'- win n (lie ^♦fd-cotit injuru's are o\et tiie endo^penn, 
but it IS more p^onouneed wh( n they are over the embryo. \ hi unioum 
(){ injury will vary daring (t«ffeient veasons* henei* the nvfiiction in 
germination from the }u>t-wa1cr treaiirunl cannot be dinfiniK-lv pnalictfd 
but must be dr torminod inr each lot of seed \rn metliod ol tlnesluo'' 
which will reduce seed injury wall lessen the leduction in germination 
following the hot-waler treatment, 

Se^d Injury from Copper Sulphate. Althougii eopjier sulphate ha. 
been use^ a *a standard seed disinfectant foi man> ^eai^, e^fiecially in tli.‘ 
control of cereal vsmuts, it has long been kiiowm that its use at strengths 
effective for the control of smut results in injurious efiinds to the treated 
seed. The strength of the solution and the linu* of treatment have Uan 
varied, pfetreatment and aftertreHtrnent practices tried <)\i\ ami various 
substitute fungicides introduced, in the attempt K* reduce the injury to 
the lowest pos-»ible figure. 
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The injury from copper sulphide ireatmenl has j»;euerally l)oen 
ineafiurcM in terms of the reduction in the j:)ercentijf^e of viable seed, which 
iruiy fre(Vieiitly show a drop from 90 to 100 per cent germination of 
untreated wheat to J15 to 60 per cent germination when given the standard 
bluest one t?*eatment (1 pound to 5 gallons water for 5 to 10 minutes}. It 
has h(‘eii siiown that the toxie action of th(» copper also causes a pro- 
nounced retardation of growth when the treated seed is planted in the 
field anrl that rnan}^ seedlings which do grow make an abnormal develop- 
ment, with curved, <leformed plumule and poor root groVth. The 
injun^d seedlings also fall an easier prey to injurious soil fungi. Tlu.se 
most severely injured are never able to emerge from the soil, while othi^rs 
less injured may recover somewhat and later brnaune nearly nm-inal. 

As early as 1872, Noblx^ discovered that the percentage of germinatior. 
of wheat depended largely on the extent to w'hich the seed cods were 
broken or cr ached and prot>ertive action of the .Seed coats hat been 
rediscovered or confirmed by numerous workers since that time. The 
S(‘e(l injury in fungicidal treatments is the result of the fX'iiet ration of the 
cof)p<*r sulf>hate thn>ugh the breaks or cracks, that it acts directly on 
I lie riiibrvo se^alling. Isxperience has shown that oats are more suscep- 
tible to copper sulphate injury than either wheat or barley Since the 
pionei^ work of Kuhn in 1872. an after treat nuuii of vitrmled grain has 
Ix^n n‘(‘orumended to eliminate theinjurv or lo reduce \\ tt> a safe amount 
Iminejs'oii in milk of lime (1 fKiniul lime to 10 g.dhui^ waiter) has been 
commonly rec<»rmncruled for wheat, while some instructions have called 
lor ilio d'lstmji of ‘lie treat ('d gram with air-.slacked lime, I'his was 
U'coinnu oded in a French met In d o^ treating oats, hince the introduc- 
iK/ii of tor maldehyde, the bkns'-toiif formulas lor the treatnu*nt of oats 
Ira VC been large ly discardeal, and their n^c for wheat lia.s Kaui C(»ntinued 
onl\ in llto^(‘ regions in whn*h a soil c »n(a nmation is an important s<;urce 
of (he parasite (see Bunt of Wheats Wlieat sow'ed immediately after 
trealirii^ with ci^pj er suljrhale '-hows the most injury, but according to 
NiMiwtMlcr (1928; <t)mpleic (lr\ing for 2S days n'sulted m no loss of 
g( i mm it irn 

Formaldehyd(' was discovered hy a (human chemist, Hoffman, in 
1867 and \\:is tirst used m Ameriea l)> lie .. \ m 1898 m North Dakota 
loi the uiailmenl of lire sraal of eiu'eals (Ihilley, 1897). It eame into use 
ver> rapidly, one of the principal recommendations being negligible 
retluction in germiiralion following its use ut effective strengths. Use 
uiuU’r diverse conditions soon showed tliat seed treated with formaldehyde 
nuglit suffer just as severely at times as^when treated with bluestone. 

Seed Injury from Formaldehyde. While it was adn«ited that* 
formaldehyde^ treatment of cereals caused some reduction m germination 
ot the siaal, one of* the earliest demonstrations of serious injury wan 
afforded ijy the wairk of Me Alpine (1906), which showed the danger of 
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allowing the seed to dry after treatment. Since that time, essentially 
similar results have been obtained by numerous workers, and many 
illustrations from field experience in the dry-farming districts have shown 
the danger of seeding formaldehyde-treated wheat in the dust. In 
certain cases, such heavy losses have been experienced that reseeding has 
been necessary. In carefully controlled germination tests, it has been 
shown (hat planting formaldehyde-treated seed in dry soil in which 
germination was delayed for 3 days in many cases doubled the seed 
injury c»voj- that occurring when the seed was planted in moist soil which 
permitted immediate growth (Zundel, 1921) 

It was first suggested b\ Darnell-Sinith and Came (1914) that storage 
injury of the treated seed was due to the formation of a solid condensation 
product, or polymer, of formaldehyde, and they showed tliat washing the 
seed immediately after treatment prevented injury by removing this 
dejMisit. It remained for Muller and Molz (1914) to prove that this 
polymer, paraformaldehyde, is very injurious to wheat when mixed with 
the soil This beha,Mor of formaldehyde on the desiccation of the 
treated seed is now held to Iw* lesponsible for many of (he conflicting 
reports as to the injury resulting after the use of (he standard formula. 
This phase of foi maldehyd(‘ se(*d injury has berui studied recently by 
Miss Hurd (1920). and according to her conclusions 

The solid ]»ar,if()rmald{‘li\ d(‘ ixang \()Litil(s is (‘oastuntly hroaking (1o\mi into 
tornialdchvde gas This gas Ixang tlius coiHX'ntrati d .ind hold so close to th(‘ 
^ood, p(‘no(rat('s it slo^^l^ going into sol ition in tlu* testa The degn*<* 

of p()st-tr(‘atineiit mjiiiy di‘]X'ndf‘d pninaTilv Kin atinos])h(*rie hiinudity dining 
the storage^ jienod In atnio^|)lx‘n*s dainpca tlian 70 ])er eent humidity, tin' 
tieatiHl sc(*d (ai« lu* k(‘pt indefinitt without ill (‘fh ets In those oi 70 jkt cent 
and less, there is dt'cided in|Ui\. wliah is nicM sc\(’i( in the intermediate humidi 
ties, graduidly decn'M'-ing in the lower 

In studies of copper sulphate injury, it has been shown that unbrc'kiui 
seed coats are an almost [xu-fect jiroteeiion against reduction in germina- 
tion poretuKage and abnormal gfowlli This dix's not hold true to the 
same extent for formaldehv d(', but it has beiui shown that tin' unbrokiut 
seed coats are a jiartial proteelion against injur}, affording “absoluti 
protection against short exposures to strong formaldehyde solutions and 
partial protixdion against ])ost -treatment injury” (Hurd, 1921). Reoeiil 
studies hy^A^wood (1922) have oonfirnuxl th<‘ entry of formaldehyde into 
wlieat tliiMugh the seed ciwits and have shown that its absorption slows 
down the normal physiological processes, some demonstrated effects being 
retardation of diastatic activity and a weakeneil respiration 'fhe degree 
•of injury j|S affected by tiie teinp<'rature at which germination occurs, 
l)eing most pronounced at low tenifK^atures (Gassnei, 192fi). 

A consideration of the way in whicli formaldehyde causes injury to 
wheat will show that in some regions its ust' will b(‘ likely to cause much 
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seed injury, while in others it may bo used with reasonable safety. The 
predisposing factors in the semiarid or dry farming regions are: (1) the 
largo number of broken or cracked seed as a result of harvesting and 
threshing during a period of extremely dry weather; (2) the common 
prevalence of medium air humidity at the time when seed is being 
prepared for seeding; and (3) the need for and the practice,* in some 
sections, of seeding in the dust rather than waiting for a rain. Formalde- 
hyde injury io w'heat has therefore been most pronounced in fall-seeded 
crops in the arid regions and a minor factor in spring seedings.* 

S(‘ed treatment by formaldehyde gas with the gas grain treater has 
not proved satisfactory, as it has m>t afforded uniform disinfection 
throughout the’ sack and has caused /cry pronounced reduction in, 
germination (Kienholz and Smith, 1930). 

The Prevention of Injury from Bluestone or Formaldehyde.— It is 
possible to avoid seed injury entirely by substituting some of the newer 
fungicides for the old bluestone and formaldehyde methods. Copper 
carbonate dust and several organic mercury compounds not only cause no 
injury but have a stimulating effect upon physiological processes 
and conseiiuently induce a iiion^ rapid germination and a more vigorous 
gn)wtl\ 

If either bluestone or formaldehyde must be ustai, llu amount of 
irijur\ can be greatly reduced by observing the following precautions* (1) 
Avoid too strong solutions or too long steeps; / c., follow standard 
recommomlations; (2) do not attempt to dry formald<*hyde-t rc'at od grain 
and hold jt before seeding, but treat the grain so that it can be set ded 
while still moist: (3) rermanlier lat wet gram will smrt to germinate if 
lemperatures are favorable and ma}" suffer injury from heating or molding 
pievious to sec'ding; 14") do not plant foi aaldehydi'-tn-atial grain m the 
dust; (o) hluestone-ireated seed may be ^dantcal in the dust with safety 
if it lias l)(a*n prop<‘rly Iriaited and ma> be dried befon* seeiling withi>ut 
incr(*ase of injury (some work«'rs even elaim improved germination from 
fomplote drying); (6'^ protect wet grain from freezing. 

In addition to the above {m'caulions, two dina^t nu‘thods of reducing 
seed injury are available* (1) presoakin^ mikI (2) an after treatment. 
IVoMiaking wheat not only eliimnatc's seed injury <lue to the use of either 
formaldidi} de or bluestone but also increases germicidal efficiency. The 
method as tested and recommended by Braun (1920) consims^if vsoaking 
the seed in ^\^‘lt(*r for 10 minutes and co\ering for 0 hours previous to 
treating, ddus is also effect i\e lor barlc\ , oats and corn and with certain 
variations should give results wO h any CBop for which either the formalde- 
hyde or the bluestone treatment is necessary. In using the presoak* 
method, it is recomuiiended that the time of soaking shouhl bi' long enough 
for the seeds to absorb about 30 per cent of their weight of water. The 
physiological basis of the efficiency of the presoak method is the reduced 
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diffusion of the poison into (he seed during the period of treatment so that 
Its concent ration does not reach the danger point. Braun (1922) hfius 
also shown that formaldehyde-treated seed which has been %\yeji the 
presoak treatment may l)e held for several days or a week before planting 
without appieciable injury to germination 

An after bath in milk of lime (1 pound quicklime to 10 gallons water), 
following th( steeping of wheat in bluestone. has long hx'en recommended 
as a m(*ans ()f lediicing the s(‘eil injur\, and more recently (Ziindel, 1921) 
it has bef‘p slunvn that thi^ same tieatment is effective wdien formalde- 
hyde' his be('n used This jirotective action of the lime bath in the 
ease (f iormahk'hv de-treat ed see<l is not due to the lime, but the same 
Jesuits (an be aecomplished by soaking in water alone, as was first shown 
by Darni'll-Smith and (arne (191 It and since rediscovenal by other 
woikeis 
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SE( TION Ilf 

VIRUS AND RELATED DISEASES 

(CHAPTER XIT 

GENERAL NATURE OF VIRUSES AND TYPES OF VIROSES 

The virus diseases of plants const i lute one of the f>reat groups of plant 
troubles which stand out rather distinctly from those due to non-parasitic 
or environmental factors as well as from those in which a vdsible parasite 
'is ihe causal agent. fhe virus troubles wit^ their vaiii'd symptomology 
and effects have one feature in common, viz., they may be transmitted 
from diseased to h(‘alihy phints by an infectious princifik^- the virus or 
the so-called rontiUfUnu vivuni Jhiulinn the exact nature of which is 
unknown. (\Ttain c(>iuiitions of common occurrence in plants, like 
variegation or non-infeclious chhuoM-^, seem to be v(‘ry closely related to 
the virus troubles and may well be c»>nsi<l(Ted at (lie beginning. 

Non-infectious Chlorosis, - In mm-infectious chlorosis, th(U(' rnayjx' a 
more or less uniform yt'llowing of the foliage, or the heaves may show 
areas of white or yellow mingled with regions of normal gr(*en, giving the 
ty].>‘ of ehloi )sis that is called “variegation.’' SevtTal different types of 
variegation may be recognized' U) marginal variegation, with narrow 
or broad zones of pale tis^m* m.arking th(‘ (‘(lg(‘ ef leaver or leaflets; i2» 
sectional variegation, with the y(‘llo\v and gre<‘n areas di'^tributed ov(‘r tlu^ 
leaves and stems or leavt's only, in itu* form of bl(*tch(‘s, K])ots, bands oi 
stripes: and i inaibled and pulverulent variegation. 

When genuiiif- chlorosis or vaiu'gation a]>pears in food fdants, it is 
coosidenal t<» be a detrimental or diseased condititui, since the [>hoio- 
syntheiic power of the ])lant is modified or reduced in accordance with 
the degree or intfuisity of the yellowing (Schertz, 1921). W'heii, however, 
ihobe fieeuliai it les of t h( folmge ajifiear on ornanKUital jilanls, tluy are 
-•onsiderxal as adding to their d(*eoraln’e value, an^J the variegated forms 
are preserva'd. '[ hese abnormal or clihjrohe forms . fiear in the trade as 
hni ticult ural vanetu's of the nonmd speeif‘s wr variety from which the> 
originated,^u^(ler su(‘h nanu's as amva, vanffjnfd, nlha, (irij( nlva, f/a/re-, 
filhff- 01 'irgcnteo-ma^fpriuh^, etc "hhis ty[K‘ of .chlorosis ma> he illu.s* 
trated among herbaceous forms by ribbon grass { Pfuilan.s ), zebra grass 
( Miscanthus), \ ariegated pi-nwirjkle (Vinca) and vanegated vaneti(‘s of 
the c<jmmoj;\ garden nasturtium; among shrubs by the goldcm (‘Iderbeiry, 
a form with golden-yellow or yellowish-gretm leaves, and many varif‘gated 
forms such ns the varie^nn-d elderberry {Sambvcvi> spp.), liurning bu.«h 
(Kuonymus) nnd althea (Hibiscus); and among trees, by variegated holly 
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(Ilex), the golden-leaved English elm, the variegated maples and the 
golden boJc elder. 

Variega^cion may appear spontaneously in almost any herbaceous 
or woody species either growing wild or under cultivation, without the 
opK^ration of any known inciting factors. In food plants, these variega- 
tions are either ignored or eliminated by selection; while in ornamental 
plants, they may l>e propagated. In the great majority of cases, variega- 
tion can be propagated only by the use of buds or cuttings, which usually 
come true to type, although in some cases a e(Ttain [x^rcentage ma\ 
rev(Tt to the nf)rnial green form. The majority of variegated forms 
do not come true fnun seed, but exceptions may b(' noted, as in th(* 
variegated nasturtium, in l^Mea infohata amen, etc. *('o1or types in 
corn and some otlica* si>ecies aie inheritable and, according to Lindstroin* 
n9lS), are trausmitied in strictly Mendeliaii ratio. He recognized the 
lollowing seedling tyjx^s- wl it(‘ or albino, viresca nl while and y(‘lh>w: and 
golden, tine greeTi-stri])ed, Jap<imca v\hite-slrip(Hi and .lapomca yelhiw'- 
slnpfvl as mature plant tyfK\s. \'ariegated foims generally appear 
((uite L(\*dtliy, but it has been noted that they are not so hardy as their 
normal green jirogemtors Th(‘y are reported to succumb more readily 
to unfavorable conditions, such as drought or cohl (Clinton, 1914) and 
III some (“incs U» Ire more susceptible ti^ the inroads of parasitic forms 

Types of Virus Diseases. No satisfactory classification of the vinis 
diseases has y(*t been presented It has b<‘en custoinaiv to apfily names 
m the basis of hosts attacked or of synifrloms, but such a classification is 
iiad(a|uat(‘. If a virus is a di-^linct entity, as distinct as and no more 
variabh than a bacterial or fung( us emitv, a logical classification may tx' 
fortticormng (,m hnson, 1927; (^uaiijcT, 1931). On (he basj> of present 
information, certain groups may be reeogniz(Ml which n'j)n*sent singh 
virus entities, related (jr similar virusc^ or groups v)f viruses. With 
present information, it not po'^'^ibh* U) make a certain assignment of 
some of tin recogniztal disease's. Sonu' of th(' more' important fiioupsare 
as follows 

1. Infectious ^hU)ros)s, general chlorf)sis or variegation tiansimtteel 
emly by organic umori as in biuhlmg or grafting but ml contagious. 

2. 'The peach group irn'liiding ye'llows, '' vie peach, peach rosette and 
phony peach disease, apparently four different ('ntities transmitted by 
organic union but spreading in nature by unkiunvn ag(*ncies. 

3. Wheat mosaic and rosed le transmissible^ U) all specie's of (he trilie 
Horeleie and m nature communicate'd in some way thnnigh tlie soil. 

4. (hirly top of l>eets anel many oHht oiiltivatexl crops as well as 
niimereius wile! plants. In nature, transmitted by the le^af he)pprn 5 
Entettis tenelluH anel Agatha sticticoUi^y. , 

5. Aster yelle)ws*transmi1 toel by the li»af hopixT Cicatinla sr.rnotata to 
rmrnerems hosts, medueling aster, celery, lettuce, etc. 
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6. Pohilo mosaics, including several distincl viruses or virus com- 
plexes, transmitted mainly by aphids. 

7. Potato leaf roll, a single virus entity transmissible to s0me other 
Solanaceje. 

8. Tobacco mosaics, including a group of distinct or closely related 
vinisf‘s. 

9. Tobacco ring spot Iransmissible to other Solanacea" and many other 
unrelated species in Id diffenmt families. 

10 Bramble viruses, caused by a group of virus entities, affecting 
ra-pberry, blackberry and loganberry. 

11. Strawberry virosch, caused by several apparenlly distinct virus 
(‘iilities. 

12 Cucumber or cucurbit mosaics, including a group of distinci 
viruses affeciing \arious cucurbits and also some sjxMaes frf>ui other 
lamilies 

13. rjegume mosaics, including a nmnlx^r of distinct or closely related 
viruses, transmissible by the seed. 

14. Hop virohcs, including several viruses, apjiarenlly confined to the 
nettle family. 

15. Bulb mosaics or other virovses. including a number of viruses yol 
vet well differentiated 

Ifi. Bunchy top, affecting banana, plantain and Manii.a hemp, 
[irobably caused by a singh^ virus. 

17. Grass mosaics, affecting various wild or cultivated grasses, sugar 
cane and corn, probably includes sev(*ral distinct viruses 

18. Grass streaks, affecting corn, sugar cane and various other 
Gramineay probably including several either distinct kinds or strains 

In addition to (he viruses included in the groups enumerated, the 
following apjioar to represent distinct virus<‘s: cotton leaf eurl, n*version 
or nettlehead of currants, cranberry false bloss()m, potato v^pindle tul)er, 
sfKitted wilt of tomato, curl dise.ase of beet, spike disease of sanclal and 
pineapple yellow spot. There are other less known virus disease's in 
which th(‘ virus ma\ prove to be either distinct or referable to some of the 
reeognr/o*d entities 

f Vrtain virus diseases have l)een shown to represent double infection'^. 
?.c,, the combined .u’tuui of at least two distinct viruses e.g., the streak 
•of tomato di^c ^^o the latent virus of healthy potato combined with tobacco 
mosaic. Potato latent in cfimbination w'ilh tobacco vein-banding virus 
apj)ears to give rugose mosaic symptoms on j)otato, and othm* mixtures 
are known It s(*ems probable that other viruses now consideied to be 
caused by single virus entities will Ik* resolved into two or even more 
separate entities as hiethods of tseparation and jiurifiealion become 
perf(*eted. 
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The Infectious Nature of Virus Diseases. —The mosaic disease of 
tobacco was the first virus disease that was proved to be transmissible 
trom diseaf^d to healthy plants. The discovery was made by Iwanowski 
^ 1S92) that extracted juice of a tobacco plant affected with mosaic would 
infect i\ healthy plant if pricked into its tissues, even though it luid been 
f^assed through a ("hamberland filter. Similar results were later obtained 

Beijerinc*' fl898\ and the filterable character of the infective principle 
of tobacco mosaic and other viroses has since been rejx^atedly demon- 
strated. The first record of insect transmission of a virus disease is in 
lfi(‘ work of Takami (1901). who connected the ‘^stunt’^ disease of rice 
w'Mi the leaf hojiper Nephotetfur apicalifi The beet leaf hopper {Eutettix 
was proved by Hall (1900 1909) and Shaw (j910) to be the 
\edor for beet curly l</p (see tins disease). 'The transmission of tobacco ' 
mosaic by ajihids w^is first demonstrated by Allard (1914) The connec- 
iioTi of aphids with pot.alo leaf loll was pointed out by Botjes (1920) and 
e >nlirmed a few yt‘-)rs later b\ Sehultz and F(»ls(>m (1923, 1925) and 
Mtirphy ( 1923) Sinee that time, rapid progress has be^en made in the 
ii(‘<errnmaiion ot the iiiM'et veet(»rs of the vanous viroses 

Methods of Trohsnus,s?ot} \ iriis disease^ show’ different degrees of 
infet*1iousnes^ and eouMMiuently ini\ be transmitted in different ways in 
inlurol)! artificiallv 

1 1 ransmitted by budding or grafting only: infectious chloroses, and 
Uu‘ ]a‘ach group of viroses, potato wdtehe^’ broom, h(>p mosaic spike 
iliM as(‘ of .^andal, etc The p(‘aeh viros<^s spiead in tlie orchard, but the 
rin (hod of contagion is unkiuiwm 

2 By a specific insi'ct, by several insects or also by budding or 
LM.ifting. aster yellows, cranberry lalse blossom, curly top of beet, potato 
i( ‘if roll. I A \ery low ^lercentage of juice inoculations of curly top were 
siuressful ) 

3. Transmuted by the juice of a diseased plant, by grafting or 
budding and also by insect vectors This includes most mosaics, and 
the most import ant vectors are specle^ of aphids 

4. 'rransmitted bv the seed Most of the virus diseasf\s are not 
f)erpetuated by the seed (true seed) from iiifeeted parents; iieveHheless, 
seed inhentanee has been found to be ge^ * • d for legume mosaics and 
occurs also in Iettiie<‘ mosaic and petunia mosaic. No satisfactory 
explanation has hecui offered for the general inlientance of mosaic among 
legumes and its absence in most other families. 

Tobacco mosaic is tlie most infectious of all the virus diseases, and its 
extremely infectious nature mav be illustrated by the fact that it can be 
readily communieated by touching a diseasial plant and then touching 
healthy plant. The virus or infective agent is able to retain its infective 
projx^rlies when driNl Diseased leav{\s wdien dried and ground to a 
powaler will still eominunicate the disease after months of desiccation. 
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I'he virus may be extracted from diseased tobacco leaves by ether, 
chloroform, carbon tetrachloride, toluene or acetone without the destruc- 
tion of its infective properties. An infinitely small anvaint (If the virus 
when introduced into a susceptible plant will increase rapidly until it has 
spread throuf^hout the entire structure and consequently must have 
increased many fold. 

Insect Vectors of Virus Diseases. — The insects responsible for the 
transmission of virus diseases may be divided into two jsroups: fl) biting; 
and (2) sucking;. The first are relatively unimportant , only a few authen- 
tic cases beinc; recorded: cow'pea mosaic by the h(‘an lf*af beetle, cucumber 
mosaic by the two cucumber beetles and potato sj)in(lle tuber by grasshop- 
pers and a few beetles. In the case of bitine; insects, there seems to 
‘i>e no s|)ecificity in the transmission, the transfer or inoculation being 
mechanical. The principal vectors belonging lo the second group are 

(1) thrips, as Fravkliniella insfHlaris (sj)otted wilt of tomato), and Thripa 
faharij connected with the transmission of several different diseases; 

(2) leaf hoppers, as Kuteiiix tenellus (curly t(q)), i'icatiula srjnotata (aster 
cellows) and several others; and (3) plant lice or aphids known to be 
responsible for the transmission of numerous diseavses. At least 23 
“'{X'cies are known to be vectors of 27 or more virose^ on numenuis plants, 
'rhe aphids are clearly the most common and etricient vectors ol v^tfus 
diseases. Besides insects of the three groups nuuitioned, v(*cjors have 
l>een reported from the lace bugs, capsid bugs, mealy bugs and whitp 
Hies (see Smith, 1931). 

Some of the ni(»re important factors in the relationship bid ween varus('‘^ 
and insect vectors may be briefly (Numerated: (I) Numerous cases are 
tin record of a delay in the developiiHuit of the infective penver (a iK^iod 
of incubati»)n) following feeding upon a diseased plant; (2) there is an 
apparent specificity of certain insects for particular viruses, as illustrated 
by diseases in which only a singl(‘ species of vector is know’n or by th<‘so 
in which certain vectors iwv much more (dheient than others; (3) no 
niorjihoiogieal (;r (wlologieal differences Udwwn viruliferous and non- 
mt<'clive iiist'cts ha\e b(‘i‘n discovered; ( \) many vi^ctors retain their 
ir.fectiva’ powcT for a long tune or ('von during their whole lifetime, 
indicating t!i(* possibility of an iricrea.se of the virus within the body of 
the insect; and (5) tlu* virus is not transmitted by young from the eggs 
of viruhferoug parents until after they have fed upon infected plants, 
flic evidence appears to indicate that the relationship heUveen vector 
and virus is sonadhing besides a mere mechanical connection. 

It is also of interest to note j^ome of the relationships between the 
plant and tj^e insect vector^* (1) There may be a stdective transmission; 
f.e., a certain insect may transmit only one virus after feetiing on a plant 
containing a mixture; (2) llu^ virus exists in all parts of a plant, but it 
cannot be obtained by a vector from all parts with equal ease; (»3) a virus 
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may exist in a plant without causing any external evidence of its presence, 
and such symptomless “carriers” may yield the virus to insects feeding 
upon them^' and (4) infection may result from the feeding of a singk* 
viruliferous insect, but infection is greater with large numbers of vectors. 

Mosaic Diseases. — The name “mosaic disease” is a direct translation 
of the German name “ Mosaikkrankheit,” which was first given by Mayei 
in 1880 to a disease of tobacco which has since been known by that name. 
All mosaic diseases possess two distinctive characters: (1) the mottling 
f)f the plant, due to alternating patches or spots of light green or yellow 
and dark green, although under certain conditions the mottling may Ix^ 
masked or not evident; and (2) the highly infectious character of the 
puces of diseased plants even after filtration through mantles tlial exclude* 
all bacteria. During recent years, the increasing economic imjKjrlanee of 
ihe mosaics and other virus diseases of our crop plants has given a great 
imjxHus to the study of these obscure iroublf^s, with the result that the 
known mosaics have been increased from the single one affecting tobacco 
to numerous mosaics of other Solanacc^a', Cucurbit aceie, Leguminoseie and 
(iraniinoie with scattered cases in 20 or more additional families of both 
Dieots and Mcmocots. Current literature is replete with numerous 
reports of mosaic (hseases upon .s<»me new plants, either wild or cultivated 
Fiiturejustoriaiis of jilant jiathology may eharact(*nze the present time as 
the ‘'rnosaie age,” or the jieriod marked by iiiereased and intensive study 
of the virus t^^iies of jilant disease, as contrasted with the earlier time.s 
when the study of fungous diseases predominated. 

General Appearance of Mosaic Plants. -Plants which contract a 
mosaic disease early in lji(* are reported by various observers to \>c 
distinctly paler in grnenil appiarance than normal healthy plants, 
iliie to a lessened [uoduction ol chlorophyll, while late, or primary, 
infections may affect only the youngest parts or may not he evident 
until the next season. (Umral redact lOh in sizi is frequently a pro- 
nounced symptom, watli sjundliness as an occasional accompaniiuon* 
Dwarfing is shown in extreme form in “mosaic dw^arf” of tlie ])otato, 
an advanced or severe form of jiotato mosaic. Dwarfing also ehar- 
aetenstie of (he mosaic of raspbenies, jicas, kidney beans, clover^ exccjil 
sweel clover and certain van(‘tic-v »)f (\*inada field peas. KACcssive branch- 
ing sometimes aeeonipames ilie dwarfing. Preniniare gellownig and 
(hupping uf the leaver, esjx’cially the lu'wermosl, occur in the mosaic of 
bi'ans, tomatoes and some phas(‘s of jiotato mosaic, whil^' localized 
necro.sis of tissue may occur in either l(‘avcs or stems, although this is 
not of common occurrence. In the Pacific Northwest, under upland 
conditions with extreme drought, premature death and browning of the 
chlorotic areas of the leaves have been noted in potato inosaR^, followed' 
by early death of the entire plant. In jhe streaking phases of rugose 
mosaic of the potato, necrotic areas develop in loaves, petioles and stems, 
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while dropping of the lower leaves is a characteristic of *'leaf drop'^ 
(Murphy) and ^'russet dwarf (Hungerford) of potatoes. 

Effects of Mosaic on Leaves.— Leaf changes which pj)int to the 
presence of mosaic are (1) mottling or the occurrence of a grouping 
of light-green or yellowish- and dark-green areas, the spots varying 
in form and size from irregular to angular and from small to large, 
certain patterns being characteristic of specific mosaics; (2) curling 
and ruffling, due to unequal development of larger leaf areas; (3) savoying 



JK' I) » iiiarrow rH'tin shriwiiip; s|ior klf'd po of mottlinK H potalo niosaif (’ loaf 
jt p< u sho\>\iriK blisftrfd t\iM I) ihom m iiidsor Ik an ' \ftti li /’ Pal ^on, 

MdCthmahi ( oil / m /? Pnl 2 . > 

or hlij'lei-hke elevations with intervening dc'pressions, the latter Inung 
occupied by the chlorotic aicu^ v\li<>n molt ling is evident, thils giving 
the leaf sffHTlce a puckered, vviiqkled or rugose surface, (t) dwarfing 
and distortion, sometimes llie former alone hut fr<‘(pi(uitly acconqianied 
by malformations, such a*^ asvniinetiic (k*V(‘lo[)ment of ilie lamime, 
dis.sec1ion of the margin or rediMum of the leive^ to little more than 
midribs Thi* extreme types are illustrated b> “filiform leaf'' and 
“fern leaf'’ of tomatoe*^, “filiform leaf" of sweet fllitalo and the long, 
Sinuous or ribbon-like leaves of tobacco plants Exlreinc fliscohirntiims 
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are most likely in the case of early or seedling infections and may be 
aggravated by unfavorable environmental conditions 

Effects of Mosaic on Flowers. — Several different effects may be noted 
(^1) dwarfing of entire flower or of parts, (2) distorfam or malformation of 
puts, (S) mottling of the lorolla, and (1) the fdl of blossoms The 
effects m\y b(' illustiated b> the dwaiftd and piler bhjssotns induced b> 
iiHumhcT mosaic, dwaiftd corollas sometimes occaning in tobacco 
jT'M IK , (hange of a gamopi talous corolla to \ jisi udopoljpetslous form, 
in oliserved effect in some casi « of tol; icco mosaic mottling in the flower- 
of sweet peas, petunias and tobicco, ind dropping of tht hl^)ssoms m 
ton^atoes, beans and potatoes 

Effects of Mosaic an Fruits. 'Ihc most important fruit effects iir 
(1) mottling, nisseting or spotting, ( 2 ) dwarfing inci difeN)ri^ion, and ( 

\ jeduction in tin quantity of seed formed and iIm) in its v it ilit\ Mot- 
tling his been noted in the fruits of tomitias, pcpfxrs, fucuihits md 
Inmans nisscting ind 'ipotting in tomito fruits, dw ufing in 1 distortion 
in tomatoc'- h ai^, S03 be ins and ciuumbtis tnd uoiuuori ot vicld 

)f sHci ml lo*-- of visbdit'' in coin so\ Ik in*^ pc md clo\cr Phi 

ftteci'* )t m or ‘lie of tht (ucuinbci uc c 01 nounced ind 

( Ii ir H tf iistic In idditiuri to the untiling, 

tl*' Hon I ot vll si/( 111 1 < 1 it il in * other into on 

iothij II ->mli i w i^ IS ti podiKc <r inigu i t t s\ no)tf)nis o^tr 1 

]( iig \( 11 (IoIuimI on truit^ vhich iif * ip i i jih li in ]( ntth lin ol tl 

^ pf ha < triMii rise to tin 11 1 i w irt ilist and nuhbiu winch lia\i 
(cn i(jf)licd to tic lisf ISC I ^ w u ^ ria puts of tic cf untr\ 

In liter tip ot th( di c t»K ih< s ou isioi ill noduct ^nut'- which uc 

ioooth PiK whitish (ii ii ( oh i o u Mtlic i iiioic blunt at tl » i nds thin 
Mil Hint r tlx ‘-unc ict In 1 ‘(it*- tiu^i trim irc »nottx a w itfi f ix 
I t M How i^h grit 1 UKi i ti w dark green pn jcci^ioi a iipt ii nui irnl flu n 

(1 tt irf H IluM ift III l\ rids lilt ^oiiilUtrub o tiiidwlni 

h i ( j ngh 1 j g( (1 11 1 go ( 7^ V ( h It m m Ik tc iu i 1 t j ic ntr i m > ^ 

i fui u 11 i[)pr \i iiu f 

i lx M Avhitf tn nsiJ U for tlx >ld( i co in m i 11 tic ost 

\liil picHc A\ h < )i Wi til tcin ipplxd to the tux ’ 1 i tlx growci m 
Ml li^ui ind \Vj (in in mi ^onx a< u Do>littU P J(' 

Effects of Mosaic on Stems I lu o \td < fleets of inosaic on 
-bm mi\ be gioiipcd is (P disc oloi ition iiuhiding ^^^ncial pallor 
incittling ind stuping or St ic aking 2 ) clw ufuig, hi\ il\ing t iNkduction in 
diimetcr ind in length of irilcinochs uid i the tcuniaiioii ot necrotic 
hsKjiis or cankers Aliliough hubiccous stems arc chloTophvlI-ho iring 
niollhng in tl cm i« ratlier rare bet liifo been noted in tobaccc>, tomato 
and squash Dwarfing Mines all the way from piacticaily noimaf 
sterns to others ver> much reduced, the extreme resulting generally from 
early severe infections Lesions m the sterns of mosaic-uck corn and 
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-ugar cane have been shown to occur as secondary stages of mosaic, 
while the streaking of potato stems affected with some types of rugos(‘ 
mosaic has been noted. 

Pathological Histology of Mosaic Plants. — Supplementing earlier 
studies with tobacco, tomato and potato, Dickson (1922) has studied 
ihe microscopic characters in a large number of plaits affected with 
mosaic and has shown that certain features are common to' all. 

It is not to be understood, however, tliat in any leaf section from a diseased 
[)lant all characteristics equally well devel()))ed are to be observed. Mucl) 
ihqx'iids upon the growth rate and environment of tlie host plant. 

The following are the most important of the features which have been 
noted: (1) A reduction in the leaf thickness of the chlorotic ar(‘as due t«? 
hypoplasia of both spongy and palisade tissue^ hut especially the latlei 
ddie general ratio of thickness between the light-green and dark-gM'cu. 
areas of leaves is 2:3. In the extreme ea^es, the palisade hnau* may b( 
reduced to a single row of nearly cubieal cells, but then* are all gradation'- 
from this condition to nearly normal. (2- .V more uniform and eoinpaci 
arrangement of the mesojihyll celb in tht' light-grfaui anvas, with h\s^ 
intereeUular space. This makes the light-gieen areas more trans 
parent than the darker aieas. ^3' In the light-green areas tin' chlopn- 
plasts may be paler than normal but in usual mimlKu-s, whih* in moo 
severe infections they may be reduced in number and in size with much 
diminution in color. In very acute infiadions (h(‘ chloro[)lasis mav 
(•oal(‘sc(‘ into irregular green masses or llu‘y may become eom})le^el^ 
disintegrated into small, hyaline bodies. I'liis diMiitegrat ion of tlu^ cell 
contents may produce the dead flecks or spots which are (\sp(‘cially noiM‘e- 
able under conditions of prolonged or severe drought (4) The (‘(‘Ib nl 
th(' dark-green areas are larger than normal, contain mon' chloropl i'-i'^ 
and the chlorophyll is also darker than in normal or healthy leaves. 

AVIkmi si»,vo;^ijig i'' \crv marked tie* palisade ('('lb an iii a eoiulition of liAju-t 
plasi<t. lather tliev liavo divided tr> form two layers ot ])aln i(!e eolb or thf‘\ an 
iiarnn\(‘r, longer and nioiv munerous oi both mav havr oceiirnd fl)j\on, 

lb) 4'be volume of intcuxadlular space in the dark-gnaui anai-^ is increased 
and this feature, together with the gn*ater depth of color of chl<jvoj)h\iI, 
makes these areas look darker than normal (see Fig. 85). 

It has‘^f'^ently been pointed out (Uochlin, 1930) that jihhxau m'en>si\ 
which has been recognized as an important character of leaf roll of jiotato 
also occurs in jioiato mosaics. Throe (ytX's of phloem alterations an- 
recognized: (1) nccrohiofiitiy charflcterized by gradual swelling of tlu' cadi 
walls, etc. and occurring in either healthy or diseased plants; (2) phloiui 
tiecnmsy correlates! with leaf roll and other virus diseftses; and (3) oblilcra- 
tUm of phloem, typical of senescence. 
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In virus diseases in Rcneral, the most prominent effects are (1) 
chlorosis,* localized or general; (2) dwarfing of the entire plant or hypo- 
plasia of tSertain tissues; (3) localized or general collapse and death of 
tissues or organs, with spot necrosis, phloem necrosis or streak, in the 
extreme cases resulting in death of the plant; and (4) more rarely in 
localized hypertrophy with gall formation, as in Fiji disease of sugar cane 
or general overgrowth, as in giant hill of the potato. 

The Nature of the Causal Agency in Virus Diseases. — The numerous 
studies. which have been carried out since the recognition of mosaics and 
related diseases have failed to give positive evidence as to the real nature 
of the causal agency. An infectious disease, without any visible causal 
organism, and transmitted by an agent or principle so small that it will 
pass through ordinary bacteria-jiroof filters, presents a field of investiga- 
tion that is taxing the ingenuity and imagination of scientists. Specula- 
tion and theorizing have marked the progress of nur knowledge of the 
virus diseases; but as time has passed, more careful attention to corrobo- 
rating facts has been given. Of the various possibl(‘ views as to the causal 
agency, many have been exploited and discarded, hni the four following 
theories are given attention in current literature: (1) the bacterial 
theory; (2) the enzymatic theory; (3) the virus theory; and (4) the 
protozoan theory. 

The Bacterial Theory. — The fact that the various virus Jisciiscs 
India ve much like known bacterial diseases gave the earlier workers a 
prejudiced outlook, and they naturally expected io find bacteria in plants 
affected with mosaic. The bacterial theory was supported b\ Mayer 
(1886) in his study of tobacco mosaic, hanowski (1903) and Hunger 
1 1905) found bodies which they bv 'cvtd t-o bacteiia and also anurba- 
like structures in diseased cedis. JhmcqiuM {JOlt)^ found bacteria, a 
small Tiitratc'-reducing streptocoecus, in iosaie-affi‘Cteel tohaceo and 
later ti9I7) gave the name of Hacillui^ n t»> a U»rm which \\r 

Indieved to be the cause of the curly top of .Migai beet Dickson (1922) 
still inclined to the bacterial theory and reported \ \\v linoing of bacteria- 
hke bodies, as had Iwanowski, Without (‘utering into dt'tails, it may 
slated that none of the investigations KH‘('rded ha - presented fests or 
experiments which have given convincing c’ idenee of the causal relation 
of bacteria to any virus uoudIc. The careful leehriKiue of recent investi- 
gators has practically excluded bacteria as posMble eau'^aUtii^enls. It. 
may be stated, however, that the recent work of Hadley, Kendall and 
others on bacterial life cycles and the lilt era bihly of certain bacteria 
points to the ix>ssil)ilily that plant viruses may yet be found to have a 
connection with known forms of organisms. 

The Enzyme Theory. The en?>iiiatic natiirc of the mosaic disease 
of tobacco was first proposed by >\ oo(K (1899 and later). He suggested 
that the chloiotic condition of mosaic leaves was causiul by an abnormal 
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and extensive development of oxidizing enzymes. His view was adopted 
with some modifications by later workers, and even as late as 1917 
Freiberg accepted and sui)p<jrted the enzyme theory, although he did not 
consider the active enzymes to be of the nature of oxidases. That the 
infective agency could not be an oxidase was convincingly demonstrated 
by Allard (19J6), who showed that the oxidase could be destroyed by 
hydrogen pi roxide without destroying the infective propiulies of the 
juice and (hat (he acti\e agency of tobacco juice may be destroyed with- 
out the ruction of the oxidase action. The ^mzyme view^point was 
sup[x^rted in jiart by (I'' the absorption of the acine pnnciple by talc, a 
characteristic of colloidal compounds, including enzyf les; (2) a specificity 
of reaction betw(‘en the infective jmnciple and formaldehyde; (2) the 
. resistance of the agen^ to numerous antiseptic substances; (1) the destruc- 
tion of the infectious properties by concentrations of alcohol that inacti- 
vate ^nzymies; and the destruction of the infec^tive properties by 
the same temp^iraturcs that inactivate enzymes AVluIe an enz\mi(‘ 
might explain th( hyp<‘plastic chlon^tic areas, it is diffii'ult to understand 
h(uv such a coinp(amd could he responsible for the hyperplasia of the dark- 
green aroavS or for hyperplastic develo])ments in virus diseases other than 
the mosaics. The enzyme theory idso involved the assumptam that a 
small quantity of eazym(‘ introduced into manual cells iim^t have the 
power to start the production of this same enzyme and that this >})ertf1i(>n 
once started could nor be stopped. At the present tunc, rno^i of those 
who have been making a special study of mosaic ir other virus diseases 
arc unwilling to accept the enzyme the^ ry. 

The filterable -virus Theory. -The term ‘‘viru^’‘ t\^ now used in 
relation to plant diseases is understood to mean tlie filterable agent or 
principle w^liich has the power of inducing the disea^NC. The u'^e of the 
term does not carry with it any preconceived concept iis lo tli^ nature of 
this [principle, and different views have been held by various im estigators. 

The idea of the virus as a non-corpuscular, water-soluble substance 
was apparently the concept f)f Heijerinck (lS99j in the use of the term 
rontagium vivum fluidurn 1'hc sccmid ulea of the virus was that of a 
minute, bacteria-like organism, -,o small as to be beyond the range of 
iniscroscopic vision, a so-called ‘^invisible microorganism.^^ At first, the 
ability of the agency or virus to pass through the pores of a standard 
Berkcfeld or C'hamberland filter was not opposed to the concept of the 
virus as ap Iwicleria-like organism, but later tests showing the extreme 
minuteness of the infective panicles as shown for tobacco mosaic (Dug- 
gar and Karrer, 1921, 1923) have taxed the iinaginatnm to form a new 
concept for the causal agent if it is really an organism. Previous to the 
ultra-fiJtr£rti(m experiments of Duggar and Karrer, the capacity of certain 
filters (the Livingstone atmometer cup or a layer ^of jKiwdered talc 
inch thick) to prevent the passage of the virus of tobacco mosaic had been 
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demonstrated by Allard (1915), and Doolittle (1920) had shown that 
the cucumb<'r mosaic virus passed through a Berkefeld but not through 
a Chanibe>land filter The opinion of Allard as to the nature of the 
infective agent, baw*d on his studies of tobacco mosaic fl91()\ wjis that 

A spccifir, putiCLilar suijsLaiiot not i noiinal cohstituoiit oi healthy plants is 
the cauM' of the disease Since tlii^ patliogenn igent highly inhatioiis and is 
(apalde of increasing indthnitely within snsceptibh plants there is t‘V(rv r( ison 
to lielie\(‘ tiiat it is an iiltraniK rosco))ie p.jra''if( <d souh kind 

the use of a senes of special lilleis, Diiggar and Kartei Q921) have 
arrived at conelusion as to the size ot the inosaie partieles in tobacco 
mosaic, comparison being made with the f»artiel(‘S of hemoglobin, the 
appioxmi »te size of which was known 

As^uinimr tliat at most the ii* moglohin paiteles worked with in,.v have 
possesstui a ihinaUi of tO niillnnu fouN iiHire or h sv jtrid ihat the average small 
diameter ul haetdial jilant patliogenc' is I'oiiu i 1000 millnmcrons <1 micron) 
(some hemg as low a^ otK) and otheis is Urge a^ 1 VH) inillimicron^). wc have 3{> 
10(K) to r\])i(s^ /oag}ij\ th( djiUKtir iditions ‘>i mosaic ilisease particles m 
conipanson with hactena! nlaiit iritliogenes Oe th^ ha-'is of thi‘' ay (rage nda- 
tion it IS interesting to note that the M»him(* idition no dd hi about as follows 
1 37 OtH) oi about 26 1 000 000 issuming that m i idi ( ise w( mav treat the 
bodies spherudl stnielut:es 

As a result of iiirthei studies eoneejiung the properties of the mosaic 
virus, the details of which must be oimtied. Duggai and Kairer (1921) 
have adyanced a n(*w concept of tlic naluie of tlie mosaic panicles 
They suggest that 

The caiis.d .tgeiKW m mosaic diseist may be m am ji'utaulir case a sonn- 
time product ol the hos(^ cell not a simple pi* liict such a^ an en/Mue but .i 
partiek of chromatin ni some stnutuie with < il finite h(‘redit\ a gene pea haps 
tliat luiS, so to speak ^f^olt(‘d irom th(‘ ‘^hackles of coordiiuation and being 
('udowed with a capacit'v to it[)io(^ > ( ilsf*li contiiua^s to produce disturbanci^ 
and “stimulation in its ji ith but it- path is onl> the lo ing cell. 

May it be that jj-m teles of tlie living siibstaiu'c, \ Inm eontrofled ard 
dominated bv tie* jiaicait li\ing substance »'e laid tn the shackles ol 
cooidinalion but when m*( fiee fiom tins domi . uioii ind subjected t(' the 
forces of foreign piotoplasm continue in uncont rolled not 

One of the oboHdions to du microbie chai ictei ot the mosaic virus 
has bi^en the failuri lo increase this in artihciid ciilluies Recent cultures 
have l)een reported by Olitsky (lV'>2n, from which lu' eoneliidch tha^ “the 
mcitant of mosaic disease of tol o*co and tomatoes is a hviiy; microbm 
body whicli can lie culliv.ited m an aitifinal inediuin The evidence, 
however, does n(»t seem enluely convinciiig, and llic multiplication of 
virnsp«» livinir orunmsnm has not 1)0011 bubb*! autiatod by OthCF 
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investigators. The phenomena of symptomless carriers and attenuation 
of plant viruses are suggestive when contrasted with a similar behavior of 
bacterial pathogcnes. 

The Protozoan Theory. — Amadioid bodies were first described by 
Iwanowski (1903) as occurring in the cells of mosaic tobacco plants; and 
- the same year, small bodies, now called '‘Negri bodies/' were discovered 
by Negri in the brain cells of animals suffering from rabies (McKinley, 
1929; Kunkel, 1928). The character of these bcnhes suggested that they 
might represent stages in the life cycle of a protozoan parasite, and the 
idea gave impetus to the study of numerous other animal and plant virus 
diseases by c«areful cytological methods, with the lesult that, M^herever 
careful studies have been made, similar plasma-like bodies have been 
.found in the tissues of many other animals and plants affected with virus 
diseases. Sueh findings have been rep(^rled by T.yon (1910), McWhorter 
(1922) and Kunkel (1924) for the Fiji disease of sugar cane, by Matz 
(1919) for the mosaic of sugar cane, by Kunkel for the mosaic of corn 
(1921) and llippeastiairn (1022), by McKinney d nh for wheat rosette 
and mosaic (1923), by (Toldsteiri (1921 and 102<)) and Rawlins and 
John.^on (1925) for tobacco mosait*, by Smith for potato mosaic (1921), by 
Fckerson for tomato mosaic (1920) and by (K)Idstein for dahlia mosaic 
and dwarf (1929), and their presence has more recently been n*'^ed m 
other virus dis(\*is('s 4'hese bodies were first (mIIihI x-bodu's Chddstein 
in 1921 and sinc(‘ that have generally been reh'rred to under that name, 
'rhe arnciKoid ehanges of tht\se bodies, their division and migration have 
been described in a number of eases, but while snj’gi'stivo ol [iroto/oan 
character, llieir real nature and significam*^' are still unccutain The 
general opinion th.P I he \-bodies do not repn‘senl slapi's in the life 
cycle of a causal oTganisru hut are rather the results of cieyaiuuuniuits in 
colls inductal by <he op(‘ration of viruses. 

The \V(‘rk of Nelson (Jl)22i is a consjaeiious I'lihlinarK in 0)^* maich 
of progress in the study of virus ilis(‘ases W lam first presiuilial 
'Mhe occurrencf* of Pnitc./oa in jjhints affected with mosaic and 
related disea.ses ' ina(l(‘ qui(<' a sensation ‘The known <»ccuiT(uice of 
fiagellnt^^s in lh(* latc'X vessels of ceit,un spurges ( Fuplioibiaeea') and 
milkw’oeds l Asclepiadaeej ‘ wa'- f)iobabl\ t lie guiding siai in Nelson's w ork. 
He desciibe»l ;rnd ])res(uued illu'^liat ums of vvhal he l)(‘h(‘\o(l tobea new' 
form of ladagoilah^ from t h(' plihxau of Ixmii and clover plants aff(a*ted 
with inosafT Tind sinietun's wdiich he Mlentitu'd as typical tiyiianosc mes 
from the siove tuh(‘s of tomato [danis sufftuing from mosaic and also from 
potato Icaf-n'l! plants 34u* fame tjf the (h-covc'nu’ wa^^ shor1di\t*d, for 
it was soon found that the .>{rueKire.s desenbed as Jh'<»lo/oa ur*re normal 
inclusions fti hi'altliy as well as diseased cells vHiiggar and Armstrong, 
}923; also other jiapi r'^ published in \ 321 333 (1923) 

and had Ix'cn descTibed years before by Strasburg<u*. 
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It should be of interest to note that a number of workers have been 
suflSciently convinced of the protozoan or organism nature of the intracel- 
lular bodieS accompanying virus diseases to apply definite binomials to 
them. Mention may be made of NorthieUa mcchari by Lyon for Fiji 
disease of sugar cane (1921), Strong jjloplasma iwanowskn by Palm for 
tobacco mosaic (1022) and PlaKwodiophora solani by von Brehmer and 
Earner (1930). It is difficult to understand why Nelson (1922) and 
Kckerson (1926) did not also build binomial monuments to mark their 
discoveries. 
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INFECTIOUS CHLOROSES 

The chloroses of plants not the result of environmental factors may 
be (1) variegations or non-infectious chloroses perpetuated either by 
8eed or by vegetative propagation; (2) chloroses transmitted only by 
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grafi union of nhloroiic and K:roen parls, tl)e “infectious chloro«<;s’'; and 
(3) infecfious chlorotic conditions transmitted by juice or insc^cts refer- 
able to thi mosaics. 

History. — The tranfl?nisaion of variegation by grafting has been knowr since the 
successful experiments of Wats in 1700. First real importance of j)eculiarity 
followed the introduction from the Ea^^t lndie.s ni 1S6S of Abutilon .'if not inn. a fonn 
with beautiful variegation. This attractive jilani \\f\s wjfJ*‘)y propagatc*d m France 
and England, and in 1800 Lem o in e transferred this leaf variegation to other spetMes 
of Abutilon by grafting, but the true nature of the p'H*uliarity w.is not suspected until 
1899 when Beijerinck suggested that it was like the mosaic of tobat*co. X'ariegations 
other than those of MalvacesB were shown by Masters (IHOO) to bi‘ coniniunicahle. 
The most extensive work on transmissible variegation was Oogiin in 1S72 by Lind- 
inuth and continued interrujitedly until 1907. Inipoitgnt contributions wen' made 
by Bauf (1904, 1908) when the relationship of infcrtious cliloroses to the vinis 
disease's w'as realized, Lat.er contributions of merit have been made by 

llertzsch (1927), Rischkow (1927) and Davis (1929;. 

Sjrmptoms. — The amount of variegation and the exact patterns vary 
in the dififerent sjKicies or even in the same six^cies under different influ- 
ences. Kiister (1927) states that infectious chloroses show generally 
irregular limitation of the chlorotic areas as contrasted with sharply 
limitejji areas in the non-infectious tyiies. The variegation may vary 
from forms like Ahviilov indicumy showing single more or less expanded 
yellow spot in the leaf with little of the green remaining lo others with 
only a slight yellowing along veins or at tla^ tip)s of marginal leaf teeth as 
in Sorbus avcuparia, or the heaves may sh(‘W large or .small yellow spxits 
with a typical mosaic-like cliaracter in certain cases.” In some cases, 
affected leaves may remain smaller than normal ones and show some 
wrinkling or rugosity. In eases showing ihe most extreme reduction of 
the chlorophyll-bearing surface, the plants may be killed because of 
inhibited photosynthesis. 

Etiology. — The chlorosis or vanegatiwn of the foliage in this group 
may be transmitted from chlorotic stock to normal green stock by budding 
or grafting or even in some cases by transplanting a piece of disoaseil 
cortex in the cortex of a norma! plant. Morren (1869; reported trans- 
mission of infection in some cases by insernng a p' tiol^ with a variegated 
leaf attached into an incision in the bark 'i* ' normal green plant ; but. in 
general, actual organic union between chlorotic and normal tissues appears 
to be necessary for Ihe Transmission of the clilorotic distuHNinces. The 
establishment of the graft u|)on the scion appears to be the important 
feature, but variegation is not transmitted in all such cases, some tj'pes 
showing, however, a much higher j>erc^ntage of successful transfer than 
ot lid's. All kinds of inoculations using juice, filtered or untiltered, of 
macerated or grouiwl tissue liave failed, even the recent vovy painstaking 
trials of Davis (1929) It lias also lH*en found impossible to obtain 
transfer with insects (Kischkow, 1927). 
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The following data are based largely on the contributions by Baur 
(1906-1908): 

There are no external characters which indicate whether a given 
form is infectious or will behave like ordinary variegation. For example, 
of three variegated varieties of privet [Ligustrum mlgare) — (1) alho- 
marginatiSy with white leaf margins; (2) aureurrij a typical golden form; 
and (3) atireovariegaiiSj with yellow spotted leaves — only tho last proved 
to be infectious, while the two others were of the non-infeclious type. 

Buds of Cytisus hirsutus transplanted to Laburnum vulgare chryso- 
phyllum became ch\'rotic the same as the stock. A peculiar response was 
noted when the variegated burning bush was grafted on the normal 
green variety or the normal on the variegated variety. A chlorotic 
condition was transmitted in each case, but the pattern was different, 
showing, instead of golden margins, a yellow v^^ining of the leaves. This 
new pattern remained constant wdien propagated by cuttings. 

It has been shown that the virus or the infective principle is produced 
in the variegated leaves under the action of direct sunlight. If the old 
variegated leaves of an Abutilon or any other species showing infectious 
chlorosis are darkened, the new leaves that appear at the growing point 
will be pure green even though exposed to the light, but darkening of the 
growing point alone does not prevent the variegation in the newdy formed 
leaves. Partial darkness seemed to have the same effect upon the produc- 
tion of the virus as complete darkness. 

A peculiarity of the virus or infective principle is cited by Baur (1906). 
Abutilon thompsoniiy a variegated form, and a normal green A, indicum 
were grafted on adjacent branches of A. arboreuruj a species immune to 
infectious chlorosis. The new shoots of A. indicum became chlorotic, 
indicating that the infective principle w^as transmitterl through the tissues 
of the immune stock. In similar tests with an immune Lavatera, the 
virus was not transmitted. In no cases of infectious chlorosis is the virus 
transmitted to the embryo plant in the seed, as numerous tests have 
shown that seeds from chlorotic parents yield normal green seodling.s. 

It has been pointed out (Rischkow, 1927) that both infectious and 
non-infectious chloroses may be as.sociated in the same plant. In 
Euonymus japonica, for example, infectious chlorosis may 1 k' a.ssocii^ted 
with other non-infectious variegations of the ‘‘rriarmor,” “elilortno- 
marginata^' and ^'aureomaculata’^ tyfK\s, thus masking or ob.scurmg the 
infectious tyjsc. Separation of the two can be accomplished by grafting 
the variegated form on one having normal, uniformly green leaves. 

Observations and transmission experiments have demonstrated two 
distinct types of infectious chlwosis in the mallows; (a) in Abutilon 
4riatum thimpsonii^ showing as a yellow spotting of the leaves and a 
yellow coloration of the veins; (b) in A. (larvdnii ien.^eluturny characterized 
by pale green spots and strii^es on the leaves, but with the veins gn«cn. 
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Lavatera arhorea is immune to the a type but very susceptible to the b 
form, which causes complete deforming of the leaves, followed by death, 
while othcnMalvaceae are susceptible to both types (Hertzsch, 1927). 

Hosts. — According to Davis (1929), ‘‘infectious chlorosis is known to 
occur among eight families, eighteen genera and roughly among thirty- 
five species.” The following are some of the more important known 
cases of infectious chlorosis: 

1. Mallovv family (Malvat-cae) : Ahutilon (AbvHlon afnafum vai. thompsonit) 
The vanegation of this variety is tranaiiiissible to other species and v^irieties of 
Abutilon and also to species ol several other geneia of the family 

2. Staff-tree family (Celastrac ear) . ,Iapanf‘ae burning bush {Enonymm japonica), 
represented by the horticultural vane^ties argenieo marginalus, aureomarginatay 
marmoTy chlor inomarginata and aura^maculata, E radican^ 

3 ()b\ e fiiniilv (Okacotc) . Fraxinus pub{'<cent^ nucuinfohaf a cultivated ornamental 
with bright yellow, blotched leavi's; variegated privftfe (Ligu^lruin vvlgare aw-eurn); 
L v^dgme aurfo-mnegaturn and L valgare albo-margtrixitum, jafeminc*, Jawitnum 
officinali vaiiegaia and J. inoluinm nurvoi aricqata 

4 Pea family (L(‘guniinosa') (lolden chain {Lahuniiim vulgan chrgaophyllum and 
L vulgan aureus) 

5. Dogwood faiuily (ConuKcie; Tartan.iri dogwood {Cornus allpo and C alba 
argenieo oartegalum tlegnns) 

(> Rue family (llutacen ) ll<fp irte tri/qliaia nunn and P irifoliata vane- 

gatift) 

7. Rose famih (Rosaccce) Europ<*an mouiitam asli {Sorbu^ aucuiMrta dtrkenti 
aurea and *S aucuimna leuieo-ianegatv m) 
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PFACH YELLOWS 

Thus discnsc of the i>each and some related trees is characterized by^ 
pronounced yellowing of the foliage, production of wiry, sicfily shoots, 
premature ripening of the fruit and invariably terminates in the death 
of the affected tree. 
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History and Geographic Distribution.- Peach yellows is confined entirely to 
America. It was first noted m the vicinily of Philadelphia and was the, subject of a 
s]iecial paper by Judge Peters in 18(K>. 'rhere are authentic records of ^ts occurrence 
in 1791 and k^s reliable evidence of its existence as early as 1750-17()0. In 1800-1807, 
the disease was apiiarently confined to the Philadeljihia section, winch included adja- 
cent territor>* extending into New Jersf‘v and Dclawan^ From this time oii, the 
disease spread northward and nort beast w^ard, reaching Connecticut by 1814 and 
Massachus<*tts a few years later; westward and northwestward, being first reported 
from western New^ York about 1.S24, from Ohio in 1849, from Indiana about the same 
tune, from Mieliigan in 1866-1867 and from Ontario in 1878; south west warri through 
Delaware Und Maryland, its prognvss l>eing somewhat slower, but it finally reached 
Arkansas and nortlicastern T(‘xas. The present range of >ellows includes the terri- 
lor> fronj Massachusetts south to the Carolinas, the southern boundary including 
most of Tenm\sse(' and crossing Arkansas and Oklalioma, tlie northern boundary 
crossing Niwv York, the peacli distnet.’^ of Ontario and Michigan and the western 
extent reaching into Missouri and Kansas. True yellows has not boon reported from 
regions west of the Rocky Mountains, California yellows or little leaf being a disi^ase of 
a different nature. 

The contagious character of yellows Avas recognized in 1806 by Judge Peters, who 
said* "1 hud that sickly trees often infect those in vigor m'ar them by some morbid 
cffluviH " The first thorough study of tlu‘ disease was published b> Smith (1888), and 
tins exhaust i^a* prc'iiniinary report was followed bv s(‘V('ral others by the sane writer 
(1889, 1891, ISO.f, 1894). Yellows wa*- also studied by wa)rk(‘rh in several of th(‘ 
states: Fhuli'v in N(wv York (lS94)*SelbA in Ohio (1^90, 1S9S), Clinton in C^mneeticiit 
(1909), Blake m Niwv Jersey (1910), Cai'sar in Ontario (1912) and Atwood in NT*\v»York 
(1914). More rec(*ntly, sjieeial inv<*stig:it ions linve b(‘(»n nia<le on the disease in New 
Jersey (Cook, 1021; Blake, Cook and Conners, 1921), while control has been empha- 
sized by McCubbin in Pennsylvania (1921,* 1928) 

Peach yellow's is recognized as an ('\e(*eihngly serious diseasi* in mueli of the 
territory recorded, being esiiecially destructive' in Pennsylvania, N(*w* Jersey and the 
peach belt along the shore of Lake Michigan. 

There has been a noted rise and fall in the intensity of yellow's, the disease 
assuming the nature ()f an epideiuK' ever\ 10 or J5 years, with qiiiescimt piTiods inter- 
vening betw'eeii the periods ot exces.sive virulenee” (McCubbin, 1924). In th(' 
eastern rnited States, serious outbreaks have occurred m 1791, 1806-1807, 1817-1821, 
184.V 1868, 1874- 1878 and I88t) ISSS 

Symptoms and Effects. ~C'<‘rlain symptoins may bo refr.ardcd as 
urKjijosf ionahly indicating the presence of yellows while otluTs point to 
(he existence of eitlier yellows or little peach, a disea.se of somewhat 
similar nature. 

1. Fruit Characters. — In a bearing orchard, the most reliable diagnostic 
character is 1 he pretuaiure ripening of t he fruit, which ma}" vary from a few 
days to 3 The prematurely ripejied fruits are fre(]uenlly,'11u)ugh 

not always, ahnonnallif large, are more watery in texture, have an insipid 
flavor and are often speckled or blotched with red. I'he coloration is (piite 
different from that of normal rnatjiire fruit and rruiy bo largely confined to 
the skin, oikinternal spots and streaks may bo prominent, while (he flesh 
may be much more prominently marked with red ar#und the pit than in 
normal fruit. I he amount of red eoloration is variable, ranging from 
slight to spotted, mottled or almost completely crimson. Fruit pre- 
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maturely ripened as a result of borers is never red spotted, and the charac- 
teristic wijy shoots are lacking. It should be noted that the yellows 
causes but little abnormal coloration of the Klberta Abnormal fruits 
may appear on a single limb or only on a part of a limb, or in many 
extreme cases all of the fruits may be prematurely npimed 

2. “W-illow” or ‘‘Broom" Hhoott, The production of slender, much- 
branched, more or less erect, wiry shoots clothed with small yellow leaves 
often spotted with red is a symptom of equal value to the abnormal fruu, 



Fit! 74 Peach yollowH A, pical amUow ” bhoot showing Ihi upright, much 
branched habil with small folia*^' with normal loaf for comparison B terminals 

showing slendci growth, narrow leaves upii-cht hnbit; C, heilthy shoot for comnarison. 
( iflfi W 1 ^rc(\4bbin pfi IhjU Aoi 382 .) 

in the recoRnilion of vellows. Thv willo ’ lioots may be disting;uished 
from ordinary twigs or water sprouts by their greater slenderness, by the 
tendency to grow upright and by the tendency of their braiibJftes to grow 
erect rather than spreading Tho willow shoots may be terminal, or they 
may be lateral, but they are most frequent on the larger limbs. They 
may appear before bearing age or may ])reeede jirematuring in bearing 
trees but are generally regarded as being associated wilh adva-nced stage??' 
of the disease. Theftc willow shoots fieipuuilly continue growth in the fall 
after the normal shoots have stopjHMl It lias l)een nottd that in trees 
affected with yellows, both leaf and blossom buds start into growth 
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earlier in the spring than do normal trees. In diseased trees, a single 
branch will sometimes be in full bloom when the fruit buds on the 
remainder of the tree are unopened. The clusters of brooin‘ shoots are 
frequently quite conspicuous in trees in their winter ‘condition and serve 
as a means of recognizing yellows when the trees are dormant. 

3. Foliage Changes , — The foliage changes are quite characteristic and 
have suggested the common name applied to the disease. The shoot 
axes are short, the leaves generally pale green or 3 ^ellow, n'duced in size, 
being narrower than the normal and more or less drooping or rolled or 
curled. WTiile these foliage changes are characteristic of yellows, they 
are not diagnostic, since very similar responses may result from the work 
of borers, drought inj\iry, mechanical injury, malnutrition, winter injury 
or the related trouble known as “little peach. The sickly yellow color 
is not always evident in yellow’s, as diseased trees abundantly supplied 
with available nitrogen may actually show a rich-green color. 

The most constant and reliable syniptoms of an earl}’ stage of yellows consists 
of a characteristic drooping of the leaves toward the })ranclies and trunk of the 
tree, combined with a slight rolling or curling of the tips towanl the j>etioles and 
sometimes a rolling inward of the margins as well. Such leaves lose their flexi- 
bility and are frequently smaller than normal leaves. They vary from a light 
green in color to a yellowish, mottled green. Such leaves often show a lightei^and 
yellower green than normal leaves and a reddish margin. This ap|>eHrance of the 
foliage is quite distinct from the drooping and flaccid conditiorj of leaves upon 
trees suffering from drought. Young trees affected with this disease are usuaUy 
somewhat checked in growth and assume a n ore upright and [(‘ss spreading habit 
than normal trees (Blake, Cook and Connors. 1021). 

The rolling of leaves from the margin inw’ard may make them more or 
less tubular, and in some cases this is the only w^arning of yellows on 
young trees, or the first indication of the disease on older trees. 

Trees once infected with yellows never recover Aflfected trees may 
die the second year after the first evident symptoms of the trouble, but 
the progress of the disease is frecpiently sJo_w\ the branches succumbing 
from the top downward. Wliile it is true that affected trees 

. . . will be weakened and imn die within a few year.*^ after the appearance of 
the disease, it is also true that many diseased trees may remain alive and persist 
as long as many normal trees under usual condition.'* of growth 

Losses fYom Yellows. — "I’he losses from yellows are due to reduced 
production as a result of the death of trees' and to a shortening of the life 
of the orchard, since with the removal of many trees the maintenance of 
tjie healthy remnant is no longer profitable '^riie losses are heavy’, since* 
yellows does not become* pronounced until trees are of bearing age, and 
then they must frequently Ik* sacrifieetl l)efnr<* they havi* produced a crop 
Before the practice of immediate removal of diseased trees was started, 
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the peach-growing industry was nearly swept out of existence in some 
parts of t|ie eastern United States and in sections of the Michigan peach 
belt. Thei serious character of the disease may be illustrated by the 
losses in certain orchards : 

Orchard 1 : (1884 -1887) 887 of a total of 1777, or about 50 per cent. 
Orchard 2: (1881- 1887) 2016 of a total of 2146, or about 94 per cent. 

According to Blake et aL (1921): 

In a yellows and httk^ja'ach tlistnct, a los.s of I per cc'nt of the trees annually 
is low even during what might be called a quiescent period bi'twcen Vpidemic^, 
while a loss of from 2 to 3 {)er cent by infection jx'r year is common, louring 
so-called epidemics, the percentages may increase to 25 ]>or cent even in orchards 
w^here the diseased trees are removed annually, as w^as itie car.e at Vineland. 

It is estimated thni an annual loss of 3 jx'r cent for New York, New' 
Jersey, Pennsylvania, Delaware anil Maryland would mean 450,000 trees. 

Etiology.-' Peach yellowv has Ik^ch recognized for some time as belong- 
ing to the obscure type of the ‘‘virus diseases,’^ although it differs from 
many of the diseases in this i*la.ss in its contagious or infect ii'us properties. 
The v/(;rk of Smith gave definite jiroof of the infectious character of the 
disease Uo proveil (hat it could be transmitted from diseased shoots to 
healthy trees by bmlding (1888, 1889) and that apparently lu^althy buds 
from diseased trees would also communicate the disease to (he trees on 
which the}’ w^ere inserted. The smallest amount of bud tisvsue that could 
l>e used and form a union was sufficient to communicate the disease. 
J'he time of incubation following an inoculation by budding has been 
t-hown to vary w'i(h th(‘ virulence of the disease in the tree from wdiich 
buds are (aken and also accordinp (o 'he porijon from w’hich they origi- 
nate in the inos( ia[)id iirogress of the disease, buds inserted in August 
.show^ed characteristic yellow’ shoots immediately the following spring 
(Blake et aL, 1921). Jiiiu* budding did not apjK^ar tv) advance the 
appearance of the disease: and wdien buds w’ere taken frfuii mild or early 
cases of yellow’s, the ineejilion and progress of the dis(‘ase were somewhat 
sliAver, the first symptoms sometimes appearing late in the season follow- 
ing the inoculation. 

For many years, it ha> been known that yellow\s w’lll spread from 
diseased trees to adjat.mt healthy trees, ’’he disease may a[)pear on 
isolated trees seaitered throughout an orchard, appareiitl} as if brv)ughl 
from a distance by some carrier, or centers of infection fioTfTw’hich the 
disease radiates may be evident, witli all or only part of the trees within 
a circular area infected 'fhe method <>f t ninsmission undm natural 
field conditions has never beon ileleT-imned, but Met'^ubbin (1928' 
thinks that there must he another host and in insect \ector At tlu 
present time, there iS no positive ev’idenee’that tlu* disease can l)e traiis- 
initted by Uie pruning tools, pollen from yellow's t^ee^ or the fet>ding ol 
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sucking insects, as has been proved m so many of the virus diseases. 
Inoculations of healthy trees with juice from {)art8 of diseased trees have 
likewise failed to conimunicate the disease. The statemer,,t has been 
made by some that yellows is spread by the use of pits from diseased I reea, 
but seedlings grown from such pits have remained healthy during the few 
years under observation, accorrling to tests made in New Jersey (Blake 
et al.y 1021) and Pennsylvania (McCubbin, 1924). Beplants set in the 
place of diseas(‘d trees have shown no more tendency to contract yellows 
than the general trcevS of a planting, thus indicating that the soil does not 
carry the disease. 

Various observations point to the fact that yellc.ws may remain latent 
for a long period following an inoonlation. Kven in infection by budding 
from trees '‘showing slight symptoms of the disease, it is (juilo likely that 
nursery trees may be produced from them which will not show advanced 
stages of yellows for three or four seasons after planting.*' Masking of 
symptoms or a kxig period of incubation may be resiionsiblc for many 
of the negative results which have been oht. lined by the \arious methods 
of inoculation. 

Previous to the definite recogniticm of yellows as a disease of the virus 
type, many different theories were advanced to explain its origin. Almost 
the entire category of possibilities has boon draw"' upon- (1; bioltigical 
fjietors, including bacterial, fun^^ous or insoel parasites; (2j unfavcu'able 
climatic factors, es|)eciully winter injury; {li) unfa voraWe soil factors, 
es[)ecially deficiencies in essential elements; and (4) injurious cultural 
practices or improper management, Mjch.as crowding of trees, excessive 
cultivation or overbearing. None of these factors has other than a 
modifying influence on the progress t)f the disease, whicii must be viewed 
a>s due to .some infective [irineiple traiismitttal from disease<l to healthy 
1 re('s 

Wlialover tins infective agent may be, it is certain that it juoduces 
m the riiitritjon of the tree a profound disturbance, which is expressed by 
the symptoms recorded It has reetuitly been pointed out ((’ook, 1022) 
that tlie transloealion of .starch is greatly retarded in the leaves and tw’igs 
of tree< affected with yellows, whicli would indicate an interh'nmee walli 
tioriiial eri/yme aelivily. I'h'oni the biliage symptoms, it would app(\*ir 
that not only is transloearion of carbohydrate food alhadtal but th(^ 
phi^osyiC het le proee.-^s niusl be materially lowtu'ed. 

Varietal susceptibility. -Tht^ yellows is a specific virus trouble wdiieli 
afft'cts primarily tin* peach, although it is said fo occur on nectarines, 
aliruiiids and apneols, wliiU' a very similar trouble has Ix'en reported as 
affe^cling plum^. Yellow^s is a citfiimon name applied to diseases affecting 
various oMier plants, but the use of the term is no indication of any 
aufjposed identity of th(* troubles, imlieuling only v similarity of certain 
symptoms 1 he same variety growing under slightly different conditions 
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will show marked differences in the severity of the infection; but in a 
comparison of varieties, but slight differences can be noted in their resist- 
ance to either yellows or little peach. Seedling peaches are said to be 
more sensitive to yellows than budded trees. 

Control.— The first fact to be recognized in the control of yellows is 
that a tree once affected has never been known to recover and that such 
diKseased trees are a constant menace to the health of surrounding healthy 
ones. The prompt removal of trees just as soon as yellows is evident 
IS the only method which will make possible the maintenance of jieach 
orchards in localities in which the disease prevails. Loss will int^ariably 
bt* experienced; hence the problem of the gnawer is to hold this down to a 
minimum and thus prolong the profitable prorluetuni perK^l. The belief 
prevails that yellows spreads as long as the tree is in leaf but that spread 
during the dormant period is doubtful. Inspection of the orcliard should 
Ui made when the diagnostic symptoms of the disetise are evident, anti 
every affect ed tree marked for removal, 'riiese should be renu^ved eom- 
pletely without delay, or at least all the branches should be removed and 
piled up against the trunk to dry, after which the stump may be dug or 
pulled. The entire lo^ should be burned, or the triniuuugs burncil and 
the larper pieces sawed up for fuel. If the trunk or ^tump is left tempo- 
ranly, c;ire should be taken to keep any sprouts reiu(‘ve<l, since thc'se are 
considiTod as great a source of infection as (he foliace (,f the tr(*(‘ in its 
original tliseased slate. 

Tr(H‘s showing symptoms of yellows on a single branch cannot be 
saved by cutting off the affected jiarp-, «ince I lie disease is systiunic, and 
upparentl} liealthy parts are already harboring the intf*ctive prineiple 
^kimplete dehorning of an affecled ‘ree »s i>f no avail and sh<aild neviT bc‘ 
attempted as a ine.ans of saving it. Iteporlta] “cures” for yellows are 
all fakes, while applications of fertilizers are without any effect except 
temporarily to stimulate grown h or to ruakt die trees gre(‘rit‘r for a time. 
Treves should, however, be given the best oi care, an>i cultural jnethods 
approved for the locality should be pracueed, as well-noiujsh(‘d, vigorous 
trees suffer less from yellows than ^he neglect ( hI orchard. W hile it is not 
certain that yellows is carrual by nur<cr;v stock, it i'- axl\isai>le m ^lartlng 
an orchard to avoid weak, sickly looking trees, as ihev are di‘Mr at any 
price. The lo.sses from yi'llows will be roi •« 'al to a niimmum if the 
lollowing conditions are met. (1) good nursery stock. i2) favorable, well- 
drained orchard sites; (3) good cultural iiractices^ (1) OM^ated and 
careful insjiections for the presence of yellow's; and (o' the immediate 
removal of all trees showing signs of the disease. 

While the g'vower should be his ow/i insjiector and bo constantly 
on the watch for the evidences of yellows, it is import agt to note 
that there are severtj times during the growing season when systematic 
ms|X‘ction will give the b(‘.st results. These are as follows: (1) at blossom- 
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ing, when the symptom of early blossoming may be looked for; (2) about 
July 1 for foliage and twig symptoms; (3) 10 days before the normal ripen- 
ing period for prematures, the most reliable evidence of yellows; and (4) 
in late summer, when foliage symptoms may become more pronounced or 
new willow twigs may develop. In some states, regular state inspection 
(beginning Julj" I and Sept. 1) of all commercial orchards is in operation 
to supplement the efforts t)f the owners. Such inspection was instituted 
in Pennsylvania in 1921, when 4.5 per cent of the trees were found 
affected, The next year, yellows had dropped to 2.5 per cent ; and in 1923, 
only 2.21 per cent were recorded. Practically all states have general 
horticulturallaws which would make possible the compulsory destruction 
of trees affected with yellows, and some have special legislative enact- 
ments designed to bring about general and effective eradication. In the 
practical enforcement of eradication measures, it may be assumed that an 
orchard more than 300 yards distant from an infested orchard will be safe 
from anything except isolated cases. The cUkso infested orchard is a 
decided menace to a healthy one, and the healthy orchard should be 
protected. 


References 

Smith, Erwin F.: Peach yellow^s: a preliminary r('j)ort. V. S, Dept. Agr.^iiot. Die. 
Sec. Path. Bui 9: 1-254. J8HS. 

— : Report on peach yellows Hept V. S. Agr. Pomm 1888: aoa -30s 1S89. 

— : Additional evidence cm the communicability of peach yellows and pt'aidi rosette. 
V. S. Dcpl. Agr. Veg. Path. Die. Bui. 1: l-Oo. 1891. 

Exponmenls with ferlihzei*b for the prevention ami cure of pi'ach yellow's. 
1889-1892. U. S. Dipt. Agr. Dept. Vey. Path. Bui 4: 1-197. ISOd. 

- — : Peach y^dlows and pca<*h ro.sctto U S. Dept. Agr Farmirs' Bui. 17: 1-20. 

1894. 

Bailey, L II ' Peach yellows Cornell Vnir. Agr. Exp. Sia. But 76:dSd-40d 1801. 

Selby, A, J) : Peach yellows, black knot and San Jose scale. Ohio Agr Exp. Sta. 
Bui. 72: lOd 220. lS9(k 

- ; Prclnninary reiK)it on diseases of the peach. 1. Pfaieh >(llo\\s Ohio Agr. 

Exp. Sta. Bui 92: KKl 19<) 1898. 

Clinton, G. P. : Peach yellows and so-called yellows. Conn Agi Exp Sia. Rejtt, 
1908:872-878. 1909 

Blake, M. A.: Peach yell(»w>. and little p('Hch N J Aifr Lip Sta Hul 226:1-20. 
1910 

CAE^^Al^ L,: Pcach diseases. IVaeh ytdlows and JiUie p(*ach: Out Dipt Agr. Hal. 
201: U-59. 1912. 

Atwood. G.« Ci • I^aeh yellows and little peach, A. y. Dipt. Agr. Jlul 61: 1721 
1742 1911. 

Blake, M A, Cook, M, T. and Oosnoks, C ll.' Heeent studu‘K on peach yellow's 
and little prarh N J. Agr. Ej p x^Ut. Bui 366: 4-02. 1921. 

Cook, M T.. I’laeh \eliowsnnil p*'iich Boi Onz. 72: 25tV 255. 1921. 

— : The dK^st iiiinalam of pc'aeli vellows arnl Ijtlle p<aich, Phi/tojHith. 12: 140-142. 
1922. 

McCubbin, \\ A.: Peach yellows and little peueh. Pa Dipt. Agr Bui. 382: 1 10 
1924 



VJHVS AND RELATED DISEASES 


273 


Bbnnett, C. W.: Peach-yollowfl and little-prach situation in Michigan. Ann, Kept, 
Mtch Hart. Soc. 56 : 187-196 1926 

MrCuBBiN, |W. A.: Peach yellows, report 1927 Jiul Ppnn. Dept. Agr. 11 : 1-25. 
1928. 

Tehon, L. R. and 8TorT, G L : Peach yellows in lllinoib. III. State Nat. Hist 
*Sun» Bot. Ctrc 1 : 1-23 1920 

Waite, M B : The peach y(‘llo\ss gioup of peach diseases. Mo Bui Cal, Dept 
Agi. 19 : 484-488. 1930 


LITTLE PEACH 

This disease of the peach is characterized by delayed ripening, under- 
sized fruit, yellowish drooping leaves and invariably ends in the death of 
the affected tree 

History and Geographic Distribution. Little pcMch was re|M)rted hy Sinitli 
(1898) ab prevnl(*nt in Michigan, hnt it had caused muious Io'jsc-'* in that staU^ prior to 
1S93 Tiure is a heliet that it existed in New \ ork dso at aixiiit the same tmu*, 
although the evidence' is not positive Like* ve'Uows, O'* oiigin is unknown, hut it ha*' 
been buggcbte'd that it was >niport<*(i with Japanese jihiin^ H\ 1910, the disease was 
widely di.st rihuted ovm th< state of New Jeis<'\ and is known to have lieeii preval(*nt 
fur several years previous to tliat tune Sp(‘ccil studu^ <>1 little peach were leiKiitid 
from Ontario lu 1912, tioin New ^ ork in 1914 whih wtnk has a])p<-.iTed liuni 

New’ Jersey (Blake (t at, 1921) and from )Nuns\]\ama (MeC’nlihm. 1924) It 
appears to be prev.dent throughout niueh of tiu' saim te»'ntoi\ * 1 ^ {X'aeh >(‘ilows, 
althougli the two diseases are hdievid to lx cntir<‘l\ di‘'t.n( t Litth peach has been 
espceiallv senous in portions of Michigan, New Jer^ev <uid I’l nils*, i\ tnm and in 
some cases has been more dcstructivi* than yellows 

Symptoms and Effects.- The differentiation of little ixuich from yel- 
low’is IS difficult oxcejd in biutnng f-oes, but in this case the characters are 
unmistakable. The symptoms may Lk' grouped as follows- 

1. Fruit K fieri — rndiTsizo, the cliaracter which has suggested the 
common name, and delayed maturity are the most reliable eaimarks of 
tlu’ diseast' 

\pparcntlv the lateness (if lipining and the (h'Ciease in si/(* diffei according 
to the seventy or stjige of tin* diseasi* varying from nis-irly normal-sized fruit 
iipmnng almost on time to verv sucill fruit maturing 10 days vT more later tluin 
normal (jMeC'ubbm. 1924) 

The flavoi of Mich Irmt when riiK* i- inferior, i ud in some cases it is decidwlly 
insipid and waliTv, but it mav lx* as highly eolored as norniHl fruit. The flesh 
apiKUirs to be somewhat Mimgy at least with e.uly clingstone vrfP^tu^s (Blake, 
1910) 

1'he blotching of the skin and the di.scoh nation of the flesh so charac- 
teristic of yellows are absent. Tiic pits of affected fruit are sqiallcr than* 
normal, more or lesg shriveled and gtnerally fail to sjmmt. In certain 
varieties at least, the affected fruits vary from tlie normal form, being 
more or le^s flattened and .somewliat rectangular. 
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A condition known as peach ‘‘buttons'' should not be confused 
with little peach. Certain varieties may produce some small fruits or 
“buttons" which never grow to be much larger tlkin a hic^pry nut and 
cling to the tree throughout the season. These have been attributed to 
either cold or severe weather or to partial or complete impotency of the 
pollen. 

2. Vegetative Effects . — In young trees or in older trees that are not 
bearing, foliage changes are characteristic of the disease and offer the 
only means of recognition ; while in bearing trees, the same folhige symp- 
toms may be in evidence in addition to the abnormal fruiting 



Fiu 76' -Normal and little-peach spocinipa'> ol Greensboro vFrow N J. Agr Exp Sta 

Bill 356 ) 

The foliage may vary from a lighter gieeii than normal tree^ to a decidedly 
yellowish green, but the leaves at the base and through the eentei of the tree will 
have a rolled and a drooped appearance When the tree i*? severely checked, all 
the leaves will have this appearance Trees in certain stages of yellows may also 
have a similar appearance; and unless the trees are bearing fruit, it is almost 
impossibles^ distinguish any difference However, the apjiearance of the leaves 
once carefully observed is not likely to be confused with anything except yellows 
or little peach, and this is sufficient from the practical orchard standpoint (Blake, 
1910). 

Troea* affected with little peach never develop the willow or broom 
shoots which are so •diagnostic of yellows. Some Observations, however, 
have shown that young trees of 'certain varieties at least sometimes show 
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a more upright growth with the twigs shorter and more numerous than in 
healthy trees. 

Trees liyiy sometimes be affected with both yellows and little peach, 
some branches showing the prematures of yellows, some normal fruits and 
others tyjrical little-peach fruits. Mixed infections do not appear, how- 
ever, to be very common. 

Trees affected with little peach never recover. The progress of the 
disease may be variable, but there is a general decline in vigor. Affected 
trees may continue to bear fruit, but it becomes smaller and poorer, the 
branches die back and the tree finally succumbs. The quality of the soil, 
culture practices or the use of fertilisers may modify the rate of decline, 
but affected trees do not last more than 3 or 4 years. During most of this 
period of decline, their retention in the orchard would be unprofitable 
because of partial crops of poor quality, even though th^ were not a 
menace to other healthy trees. In some localities, little peach is reported 
to be more prevalent than yellows, and the decline of affected trees more 
rapid. 

Etiology. — Little peach has been studied much less than yellows, and 
but little real progress concerning its cause has been made. It is conta- 
gious, the same as yellows, and can be transmitted from diseased to 
healthy trees by budding There is no evidence that little peach and 
yellows are anything but distinct and independent diseases. Most of the 
facts concerning the etiology of yellows would apply equally well to little 
I)each. There is a deep-seated interference with the nutrition of the 
di eased tree which is visibly expressed by tKe recorded symptorhs, and 
lliere is the same interference with the translocation of carbohydrates as 
m 3 ^ellows. It is difficult to explain bow this accumulation of starch 
should accompany such diverse symptoms as are shown by the fruits in 
the two diseases - ^enlarged fruits and early maturity" in yellows and under- 
sized fruit and delayed ripening in little peach. 

Control.— The recommendations made i )r the control of yellows apply 
equally well to the control of little pc^ach. Since diseased trees cannot be 
cun‘d by any known treatment and are a constant menace to the health 
of surrounding trees, imniediate removal is the only method of control. 
Insfiection of poach orchards for yellow's and little peach should go hand 
in hand with the understanding that the prompt use of the ax is equally 
important in the tw'o diseases 
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PEACH ROSETTE 

This virus disease of the peach is known chiefly in GA)rgia, South 
Carolina, Alabama, Missouri and Tennessee, but a few cases have been 
reported from Kansas, Illinois, Arkansas, Oklahoma, West Virginia, 
Mississippi and Florida. What appears to the same disease has 
recently tx'on rc'ported from Italy (Fcrraris, 1928). 

In general, the means of spread and control are similar to yellows, 
but its ^ progress is more rapid. The leaf buds of affected branches 



Ki<i. Twikh frojn iM^arhoft allotted by rosette. {Aftnr M, A Slakf, N. J. Agr, Eift 

Sla Hul. 856.> 

develop compact tufts or rosettes, wnich may contain several hundred 
small lea^ on axes not more than 2. or 3 inches long, A tree suffering 
from a general infection will always succumb during the following autumn 
or winter, but partial infections may occur. In such cases, the diseased 
limb dies, while the remainder shows the trouble the next season. 

The pSpVaihng color of the foliage is yellowish green or olivaceous. The 
older leaves at the base of the tufts are largest and frequently grow to a length 
of several inches hut have inrolled margins and a jK'culiar stiff appearance due 
to the fact that tln'y are straigiibT than healtliy leaves. ThoH(» outer leaver 
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turn yellow in early summer and drop as readily as though it were autumn, while 
the inner leaves of the rosette are still green and delicate. The compact hunch- 
ing of the leayes is very conspicuous and makes the trees look quite unlike those 
affected by yellows. Where a tree is attacked in all parts, it matures no fruits 
(Smith, 1894). 

Rosette was first proved by Smith (1891) to be infectious by buds or 
grafts, and more recent infection studies have be(*n reported by McClin- 
tock (1923, 1931). Marianna plum is listed as immune, and the successful 
transfer of the disease is reported to two varieties of apricots, two of 
cultivated plum, one wild plum, one cherry, the sand cherry and two 
varieties of apricots by means of infected buds. On apricots and plums, 
mottling similar to mosaic followed the insertion of buds from rosetted 
trees, in addition to somewhat modified rosettes of leaves. The most 
likely inse<"t vectof, the peach aphid (Anuraphis persiv(r niger) failed to 
transmit the disease, although repeated trials were made. Because of 
the mottling on some species, McOIintock lists the disease as an “ infectious 
mosaic,” 

A suggested relation of the Y<dlows of Eriqeron myi4idensiii to ros(‘tte was not 
•substantiated by a eoinproheiisive senes ot eross-iiioeulation test.s (MeClintot^k, lOIH) 
The yellows of Erigeron is eaustd by the same \irub aster yellows. 
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WHEAT MOSAIC OR ROSETTE 

This virus discjiso of wdioat is of special interest b<T{iust‘ it represents 
u rather unique tyjie, the only one known to be Transmitted through the 
snil or by some agent (operating witliin the soil. 

History and Geographic Distribution. This disease w^as first reported from 
Illinois by Lvinan in 1919 under the name of “take-all, and at that time it was 
thought tx) be identical ^ith the true take-all disease caused by Ophioholwt gmminis, 
known HI Kurope and Austrjiha but not at that time njxiited for America. Later 
investigations (McKinney, 1923) sht>ued that the n>settc di.sease of ;^eat differs 
Irom take-all in symptoms and host relation.s The .sucei‘^«hivi ''lages in the progress 
of our knowledge are reflected in the common niinu'S ap])licd to the disease, takc-all, 
>K>-caUed “take-all,” rosetti' disease and mosaic diseasi\ The virus natun* of the 
dist*ase was first suggested by McKinney (1923^, uho also rc|.>orted that the ca\isat 
agent persisted in the soli, causing the recurrence of the disease The studies on the 
‘‘Oil ndationship of the diq|»a.se were oxtendetl by Webb (1927, 1928). Since 1925, the 
disease has been n'cognized as a mosaic and the, rosetted condition as but one of 
the symptoms, apiiearing only on certain varu*ties (McKinney,* 1930). Po.sitive con 
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firnuition of the viriw rhanwt^r of the tliswiHo was first obtained by a low percentage 
of successful transfers by juice inooulationa (McKinney, 19266). 

Wheat mosaic has occurred principaUy in a rather restricted area in 
Illinois and Indiana. Either the same or a related trouble has been 
noticed in very limited amounts in Nebraska, Maryland, Kansas and 
Washington. The mosaic of wheat studied in Egypt appears to be 
distinct from the American disease (Melehers, 1931). 

Symptoms and Effects.— Under field conditions, the liisease is most 
evident in rather sharply defined spots, although scattered individvm! 
disejised plants may occur. The marked characteristics of diseased 
plants are (1) dwarfing; (2) darker than normal-green color of the fall 
leaves; (3) dying r)f outer leaves and fall tillers; (1) excessive development 
of spring tillers, giving the condition which suggested the name rosette*; 
(5) more or less streaking or striping with yellow, giving a mottle or 
mosaic; and (6) in the more extreme cases, the complete killing of plants 
before reaching maturity. Not all of the symptoms will appear in every 
case of the disease, the rosette c<»ndition appearing independent of mot- 
tling, or the mosaic mottling appearing independent of the rosette. 3Vo 
different types of mottling have been recognized: (1) the green type^ 
sh()^\ing either light-green pattern on a normal-green background'' or 
with increase of the light -green areas appearing like a dark-green [>attPrn 
on a light -green background; and (2) the yellow fype^ showing light- 
yellow patterns or irregular strips (McKinney, 192^>(/) 

The damage from the disease is due tor ccmiplete killing of plants and a 
dwarfing of others vihich either f«iil to fruit or produce a few undersized, 
weak culms. In the area of principal infestations, entire fields have been 
plowed up, while others allowed to mature have shown up to 20 to 40 
f)er cent reduction in yield 

Etiology.— The virus nature of this wheal disease has boon (»stablished 
by (1) the successful transmission of the disease by (he growth of sus- 
ceptible varieties in infested soil; and (2) by s\ifc(*ssful juice moculations 
from diseased to healthy plants. I5y successive transfers from green 
mosaic, Ihis type has been intensified, and the yellow type has been 
intensified by successive IraushTs from jdants affected vyith the yellow 
type. X-bodies have been noted in the typical green mosaic, but in 
yellow nuj^ic they s(*em to be €‘ither few in number or absent. 

The Cur^cll variety, sflcftioris of several other v^eat varieties and Red 
Winter spelt develop yellow inO'.aic to some extent in the spring when the Ht*ed 
is plaiitod^out of dooro in viniwnfested soil m the autumn, wdiereas et'rtain other 
varieties ot vthesit {Harvest (iiieen) when grown simultaneously in the same 
soil and in adjacent tows develop grecai mosuic, ]>eeort?e dwarfed, producing a 
condition which has been termed rosette and show only occasional cases of yellow 
mottling, striping or streaking. 
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As a result of numerous inoculations^ McKinney (1931) concludes: 

It is evident also that rosette is not associated with yellow mosaic on Harvest 
Queen wheat, whereas it is associated with green mosaic on this variety. The 
nature of the association between rosette and green mosaic must be studied 
farther. A single virus may cause both expressions, or more than one virus may 
be involved. 

No insect vectors are known, neither is the disease transmitted 
through the seed. 

The expression of the disease is influenced by temj)erature conditions. 
In tests at constant temperatures of 10, 16, 23 and SO'^C., the disease 
occurred at the two low temperatures only. The leaf mottling anrl 
rosette of the Harvest Queen developed bt^st at 16°C., while the leaf, 
mottling of C'urrell was about equal at each of lower temperatures. No 
mottling or rosette occurred in either variety at (he two higher tempera- 
tures. A high moisture content of the soil has favored the occurrence of 
both rosette and mottling, hut both have been inhibited by low moisture 
of the soil. Infection and onset of the disease arc influencc'd by the age of 
si'edlings when exposed to contaminated soil, those 4 weeks old api>oaring 
more susceptible than those either younger or older (\^ ebb, 1927). 

Host Relations. — Wheat-mosaic symptoms are expressed only in 
winter varieties, the charaet eristic features showing best in fall seodings, 
but the disease will apjiear in mild form in winter \arieties sown early in 
spring if the temperatures are sufficiently low. The disease has appeared 
und(‘r natural field conditions on various varieties of winter wheat and 
also on winter rye. Infections have been produced in the following 
cereals, all of the tribe Ilordeu'. eommon and club wheats, Poulard wheat, 
durum wheat, emmer, spelt, PoL h wheat, einkorn, common barley and 
rye. 

A large number of winter wheats have been lisl(‘d for resistance, some 
of the most susceptible sucli as Harvest (^i eon showing 9.> to 100 per eeni 
infection, others only traces of infection, while others appeared to Ik? 
entirely immune. 

Control. - Thv disease in wheat can Ik? controiled by the use pf either 
resistant or immune varieties. Fields in which the soil is contaminated 
should not be sown to such susceptible varieties as “Harvest (^ueen, 
Missouri Bluestem, Nigger, Penquite, Brunswick or certain selections of 
Fultz, Indiana Swamp and Illini Chief (McKinnev, T925a).. The 
mottle symptom is very pronounced on Currell, but it does not develop 
the rosette symptom. 
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CURLV TOP 

This virus disease of the beet and numerous other hosts h(*en 
referred to on beets at various times and places as th(‘ ‘^('nlifornia beet 
disease/* “western blight/* “blight/* “whiskered Ix-ets/* “hairy rool,” 
and “curly leaf’* but is now generally known as “curly top.” 'Fhe last 
name has seemed most appropriate, because rolling and curling of the 
leaves are the most striking effect of the disi'a.se 

History and Geographic Distribution.- 'PIk* hrht mtious oiitbieik of uuU top ot 
definite record occurred in t^Hlifornia m lS99, but il was inon the lollowing 

year The disease Iwui [neviou'^l'V eau>>ed coneern to the .sugar-beet industry l'h(‘ 
first ‘‘(•lentifie work mu ii lagan uLout thi^ tiim^and menaced m volume up to the 
presf^nt tinn* Townsomi dcM nbed the di-eaM* m 1902 .'md in MM)s <ji'>cuss('d th»‘ ’vari- 
ous theories as to the c*aiise hut anivial 'd no dehnite conclusion a^ to thc' eliologioal 
agent. The studv of Smith ui ronneetion with the C\diforni:i epipl viola* ot 1905 
led to th^ supposition that tlu' disea'-t‘ iniglit be of a natuii* umilMi to tidian o mosaic 
or a.sb-r yellows Rail (1906j first diniti-d attention to the })cet I« at hopjxT as cans 
ally nlated and soon (1909) pnsented eonvineing evidence that tins mseet is resiion- 
sihle for curly top Thl^ lelationship of tlu* leaf hopper to the tiansmission of tlu* 
disea.se as c(»fTTfrrf»ed aiul elaboratf d to the woik of Shaw (190)), Smith and Rone(|U( t 
(1915) and by Hall (19171 The viars following have vuelded a eontmuou.s output ol 
researches on the disease }»y Carsnei ,ipd his associates from the Federal Laboratorv 
at Riverside, Cal , and from Seveim of^the (’ahfornia .station and others. Since the 
c^scovery of the 4*ausal relation of tVie eurly-toji virus to the western blight of tlie 
tomato (McKay and Dvkstra, 1927), the h(*st range cif the disf'a^e ha'* he<’n rapidly 
extended (Severiii 1928, 1929; Dana, 1^32), ami the imjKntifncc ol the ilisease on 
crops other than beets ernphaajjsed. 
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The curly top is primarily a disraw' uf and or Nt*iniHrio portions of western North 
America, its distribution coinciding with the range of its vector thv beet leaf hopper 
{EuteUix tenel{us Baker). The regions of principal severity are west of the Rocky 
Mountains, but there are sporadic cases in the plains country east of the mountains. 
The same trouble or one very similar has been rejxirU'd from the Argentine (Fawcett, 
1925, 1927), but another vector is prevalent. 

Symptoms and Effects. — The following are the recognized responses 
of the bf*et foliage to infection: (1) leaf curling; (2) blister-like elevations 
on the leaves; (3) transparent venation of the innermost or youngest 
leaves; (4) wart- or knot-like swellings on the veins of the lower, surface; 
,5) the exudation of a viscid sweetish liquid from the petiole, midrib or 
.oins, clear at first but later dark and drying to form a brown crust; (6) 
yellowing and blighting of the leaves; and (7) a retardation of growth. 
The earliest symptom of Ihe disease is an inward rolling of the lower and 
“Uter margin of the youngest leaves or sometimes an outward rolling of 
the niarirms or ( ven a combination of the tw’o types of curUng. 

The (‘ffects on tlie beet root are (Ij the production an incre.'ised 
m.inlxT of lateral rootled s, giving ttie condition suggesting the common 
inms of “hairy or woolly root’' or ‘‘whiskered beets'*, (2; a necrosis of 
I lie phloem extending throughout the vascular system and evident in the 
eross-section of the root as dark concentric rings (Fig. 75); (3) a reduction 
-n the >4ize of tlie roots and a reduced sugar (‘onlemt, in the moderate 
0(*grees of infeci ion not involving killing; and ( 4) slinveled, dead or rotted 
roots as an accompaniment eif severe blighting ami sun scorching of the 
foliage. 

4"he effects on seeel beets are (1) the product ion of “dead heads or eif 
blighted or dwarfe-d se'cd vSlalks and (2) reduced yiedds of se(*d of pewir 
v iability, ^haw (1910) reqiorts that healthy se^e^rl beaMs jmshiced t wanty- 
right limeys the ejuanuty of '^enal ob.aineel from infeeMed loot*' 

'The cle'gr(‘e of inpirv in (‘uriy top is iiidueMiceel by the nme‘ of infection. 
^(^ung se'cellings may Ik' killed (uilright; bi \ if the infe'ctmn is delayeel, 
only tlie* ne-wly foniie'd leaive^s will <'xlnbd the symptoms lU'Scnbe^d. 
Infections occurring late in the se*ason may not Ih‘ e'Vielent, but such Ix^ets 
if useel for steadilmgs would develop only diseased seed >lalks 

('urly top on gat den v<»getables such as tomato bean, sipia.-Ji, etc., 
often kills the plants m the seedling stage or in older plants causes the 
development of dwarfeal and crippled, chl(i''o‘ic individuals which may 
(lie prematurely, d'hc response* of tomato plants is very chaiueteristic, 
including retarded greiwth, ujjward redling of the leaftets, nfeue or less 
chlorosis, a rigidity e>r harshness of the foliage, pr(*inatiire ri[>ening of the 
fruit and frequently a death of the plant before killing frosts. Crop 
losses from curly top may vary from slight injury to complete failure. 

Etiology, (’urly teip is a virus ilisease wdiich depends upon the Ix^et 
leafhopper {Evfrtii'^Vnellus Baker), for its dissemination under natural 
field conditions. This relationship of the lt*afhopf>er to the disease has 
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Fia. 78. — Pl^o^ni necroms in sucar beet affected with curly top (After Carmer and Stahl 

Jour, A or ffcjf 28 .) 
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been repeatedly demonstrated since the first work of Ball (1906, 1909). 
The early reports concerning the causal relation of bacteria to the disease 
(Smith and Boncquet, 1915) were not substantiated. The severity of 
the disease in any environment will depend upon the abundance of the 
leafhoppers and the time of their appearance. Only leafhoppers that 
have fed on a wild or cultivated host harboring the disease become 
viruliferous, i.e., are able to transmit the disease when they feed on 
healthy suscepts. Newly hatched nymphs cannot transmit the disease 
until they have fed on diseased foliage; and in all cases, a period ©f incuba- 
tion in the body of the hopper is necessary before infection will result. 
This “varies within quite wide limits, from the so-called normal incuba- 
tion period, or the period when at least 60 per cent of infection should be 
obtained, down to a single infection in as short a time as 1 hour“ (Swezy, • 
1930). Infection may be transmitted by a single hopper, but the action 
of numbc*rs, or mass action, is very much more effective. The incubation 
within the host varies from 7 to 14 days, with occasionally an earlier onset 
of symptoms (4 days). 

The onset of the disease in any season may depend on the holding 
over of a few viruliferous adults which feed on the newly planted crop and 
start the infection, or the spring broods may obtain their virus from 
infected wild plants in their natural breeding arenas or even from culti- 
vated syinploinless carriiTs. 

The artificial transmission of curly top is much more difficult than in 
many other virus diseases. Early efforts gave negative results, but more 
recently Severin (1924) secured a low percentage of infection by pre^ssing 
the juice of leaves and roots of curly-leaf beets into the crown of healthy 
plants. The causative agent w^as shown to be generally distributed in 
both foliage and roots. The disease has been transmitted by leafhoppers 
which have fed on (1) a susjiension of crushed viruliferous leafhoppers; 
(2) diseased bead juice in 1 per cent aqueous solution of sucrose; and (3; o 
solution on which viruliferous hop])ers hao previously fed (Carter, 1928). 
Until recently, Kuietiu tenclUis was supposed to be the only vector, but 
this specificity has been denied by the discovery that another leafhopper, 
Agallia stictirollis, is a common vector in the Argentine (Fawcett, 
1927). 

Host Relations. --l''he curly-top virus affects many species of plants, 
both wild and cultivaterl. The disease has been recorded in either mild 
or severe form as natural infections on the following cultivated species: 
garden and sugar beets, mangels, Swiss chard and spinach (Cheno- 
podiacea'); common and Lima beans, cowpeas and alfalfa (Leguminoste) ; 
pumpkins, squash, watermelon, cucumber, miiskmclon and^ cantaloupe 
((Juc.urbitaceir); potato, tomato and pepper (Sulanaceie) ; horse-radish, 
radish, eabbage and turnip (Brassicacfre) ; parslej^ (Uipbelliferad and 
various cultivated ornamentals including Zinnia, African daisy, etc. In 
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addition, successful artificial inoculations have been made on many other 
cultivated species. 

In addition to the cultivated hosts, many wild plants are known to be 
infected under natural conditions, and others have been shown to be sus- 
ceptible. It is certain that some of these weed hosts are sources of the 
virus for the spring crops of leafhoppers. Some of these important weed 
hosts are various species of Atriplex, certain species of Chenopodium, 
Russian thistle, amaranths, ground cherry, deadly nightshade, charlock, 
shepherd^s purse, knotweed and other species of Polygonum, dwarf 
mallow, cKeese weed, alfilaria, or filaree and oxalis {Oxalis stricta). 

Individual selections of sugar beets have shown varying susceptibUity 
to curly top, and in some cases the virus has become so attenuated that 
beets carrying it do not show' visible evidence of its presence. It has been 
shown that apparently healthy resistant beets may then act as symptom- 
less earners and yield the virus to leafhoppers that feed upon them. 
Resistance is an inherent character, and some selections have shown more 
resistance than commercial fields Among vegetable crops, varying 
resistance is also shown. No varieties of tomato have shown a satis- 
factory resistance, but marked resistance has been found among beans, 
squash and pumpkins (Dana, 1932). 

Control. The high temperature, bright sunshine and low humidity 
of the senuand regums offer conditions for tlie devf^lopment of hirgi^ 
numbers of the insect vector and the exprcvssum of diseased conditions. 
Little can be done in modifying the environment or reducing (h(‘ numbers 
of leafhopixTs by either artificial or biological methods The ultimate 
solution of the curly-top problem lies in the selection and breeding of 
resistant varieties, but some relief may be obtained by cultural piactices, 
such as tune of planting (sugar beet and tomato^ or provuhng a ^hade 
crop /'tomat(i) 
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POTATO MOSAIC 

Mosaic IS the general name applied to a group of the virus diseases pf 
the potato eharact^'rized by more 01 less mottling of the foliage, especialh 
when potatoes are grown under suitable conditions of moisture and teni- 
IX'nitiin', while various other acctimpanymg symptoms may lie pn^sent 
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in the several types. The forms of mosaic are amon^ the most important 
of the degeneration diseases of the potato which are responsible for the 
running out’* of varieties. 

Potato-degeneration Diseases in General. — In aaaiiion to the 
mosaics and mosaic t^omplexes, the following specific degeneration dis- 
eases of the potato may be recognized: 

1. Leaf roily characterized by rolling of the leaves ^nd dwarfing, 
uprightness, rigidity and chlorosis fsee special treatment). 

2. Spindle tuber y a disease 

. . . charucterized always by spindliness and uprightness and often by a darker 
green color and slight rugosity. The tubers are abnormally spindling, spindle- 
shaped, cylindrical and supplied with conspicuous eyes, the«e symptoms var 3 dng 
somewhat with the variety (Schultz and Folsom, 1923). 

Affected plants show no mottling, a fact which makes possible a ready 
separation from mosaic. This disease is a most important cause of run- 
ning out of potato stock in which poor tuber shape is a common character 
(Folsom, 1923; Werner, 1925). Giant hill” has recently been described 
as a phase of spindle tuber (Gilbert, 1925). Recently it has been pointed 
out that unrnottled curly dwarf shows symptoms under certain conditions 
which make it nearly impossible to separate it from spindle tuber (Goss, 
1930). According to Schultz and Folsom (1925), mottled curly dwarf 
seems to be a combination of leaf-rolling mosaic and spindle tuber. 

3. Witches^ broom, a disease recently described by Ilungerford and 
Dana (1924), marked by a bushy clustering of numerous slender sprouts, 
a character which has suggested the common nam<‘. ^‘One of the most 
constant symptoms of this disease in all st ^ges is the tendency for all buds, 
including those usually latent on a normal plant, to push into growth.” 
A more upright position than normal of stems, leaves and flowcTs clusters 
gives a characteristi'c picture. Very marked reduction in size of the 
tubers is also characteristic, together with elongation of stolons and 
increase in number of tubers As many as 200 tulx^s varying in size 
from peas to walnuts may be produced in a single hill 'rransmissible to 
tobacco and tomato by grafting (set' virus diseases, pp 321 322). 

4. Psyllid yellows^ a disease prevalent from Colorado westward, 
charactt'rizt'd by marked stunung of the plant , upward rolling of the 
basal portion of young leaves, becoming light pinkish yellow^ to purpk' in 
some varieties; and yellowing, upward rolling and death of oldtT leaves 
Axillary buds may form aerial tubers, thick shoots or rosettes of small 
leaves. The vector is the potato or tomato psyllid (Parat) toza vorkprellu), 
which is capable of transrnilting the disease to other solanaceous sfiecies 
including common pepyx^rs, tomatoes, eggplant and Jerusalem cherry 
(Richards^ 1928; Binkley, 1930). 

5. CalicOy characterized by irregular blotches yf various shades of 
yellow on the leaflets. Transmissible by tuber grafting and by inocula- 
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tion of leaves with unfiltered juice. Insect vectors not yet detenninedi 
but field spread is indicated (Hungerford, 1922; Porter, 1931). 

6. Phli)^ parenchyma necrosis of the tuber (pseudo-net necrosis), 
characterized by spot-like rather than blotchy necrotic areas in the tubers 
but showing no foliage symptoms. The disease is tuber perpetuated and 
is transmissible by aphids and by juice inoculations (Quanjer, Thung and 
Elze, 1929; Kerling, 1929; Quanjer, 1931). This appears to be identical 
with “vererbliche Eisenfleckigkeif' of Fruwirth. 

7. Concentric necrosis of the tuber, characterized by “necrotic spots 
in the storage paronch)rma demonstrating themsehes on the out surface 
as concentric brown rings arising from some point on the skin, often a 
lenticel.'’ It is not tuber transmitted, but infection is thought to take 
place through the soil by w^ay of the lenticels. In this type the \irus 
nature does not appear to be positively established. This is the “Krin-* 
gerighoid*' of Holland, the “Propfenbildung'j and in part the “Kisen- 
fleckigkeit of (Germany and may be identical with some of the American 
and k]nglish “internal brown spot,’' “sprain” or “internal rust spot” 
(Atanasoff, 1926; Quanjer, 1926, *1931). 

8 ('urlij top of beet and other hosts has been reported on potato from 
natural field infectitms and has been produced exix'rimentally on eight 
or more varieties. The affe(‘ted plants are stunted, with yellowish, 
inwarA-rolled leaflets and in the greenhouse a downw^ard curving of the 
petioles. Dwarfed axillary shoots were formed in the advanced stage of 
the infection, and the plants finally turned yellow' and died (Severin, 
1929). 

History and Geographic Distribution of Potato Mosaic. — Alth.yugh Hk* iiiosaK* 
of th<‘ potato ha< })Cf*n recognized as n bpecific disoa.so only dunng lecent ‘'cars, it i'« 
not to 1)0 iiiuiei stood that it is a now d ‘aK tiial made a sudden appeal anco It has 
undoul)tedly been active m jnHato fields ever Kince the so-ca!l('d ‘ niiinjng (-ut ’ of 
\nn('ti(‘H has bfM’ii recoj.onz(‘d. It seems probable lhal Johnson (18-17) o!)sen*‘d a 
lonn of mosaic, sinee tlie trouble wluch he deti nhed shoned character!>,sng>»esl mg 
that dll-ease, especiall> the following: 

The iijija i surface of th(' leaves not so Kinooth as i.s usual in the rase witli potato 
haves Imt rough, wrinkled or curled, '^fhe leave> are far nurre sessile than mual, and 
are not of a umfonn browPish or daik-green color, but spotted Mosaics undoubt- 
edly formed a jiart of the syinplomatic complex included m the ‘’KrauselkraTikheiten 
or “curl” of the (lenuans. 

Potato mosaic was first found bv Orton “in in a field in Gie.s.sen, (lennnny, 
whcTo it was not uncommon, especialb some vandies’' (19H). It w'as pro.sent in 
Maine, th<‘ follov\mg y<‘ar, especially on the (Ireen Mountain, and frc^i the fact that 
tire dis<*.'iR(' aflected up to lOO per cent of tlu* hills in some of these fields it would .soeni 
that it must have been present for some tune previous. Wortley (1915) re|>orted 
mosaic as seriously affecting the Hliss Triumph m Bermuda and on Ijong Island, 
Two years latei, Murpliy (1917) recognized if as causing a large and steady drain op 
tlie profits of potato raising in the Maritime Provinces of Canada in wHich the (ireen 
Mountain variety Is llrgiJy grown and reported its occurrence in western Canada 
also. It was observed by the writer in Washiirglon in 1915, but its importance w'aa 
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not recognized at that time because of tlie iiiasking of symptoms. By 1917 and 1918, 
it was reported from Maine to Oregon and from Michigan to Florida and Alabama 
Quanjer writing in 1921 stated that he had learned to distinguish mosaic from leaf roll 
14 years before, \\Iieii h(' began the study of the degeneration discasoH. Important 
contributions to the knowledge of mosaic have been made by numerous investigators 
in recent years, including Westerdijk (19J()) and Quanjer and coworkers (1919 and 
later) in Holland, Murphy in Canada (1917, 1921) and Ireland (1922, 1924), Cotton in 
bngland (1922), Schultz al. (1919), Schultz and Folsom (1920 and later), Johnson 
(1922), Goss (1924), Goss and Peltier (1924) and various other workers m the state and 
Federal departments m the United States and Canada and foreign countries. 

Some, of the more important .siep.s in the progress of our knowledge of mosaic are: 
(1) tht' recognition of mosaic as a bpecific disease (Orton, 1911); (2) the proof of the 
hereditary or perpetuating character by transmission through the tubers (Wortley, 
1915); (3) the transmission by grafting (Schultz, 1917); (4) transmission from diseased 
plant to healthy plant b\ the juic(‘; (.5) traiiMnission by aphids (Schultz, 1919; Quanjer, 
1920); (0) the recognition oi several t\pe.s of mosaic (Schultz and Folsom, 1920-1923; 
Quanjer, 1922); (7) th(* piool that cunent season infections, especially late ones, may 
produce no visible evidence until the tubers are planted the lollowmg spnng; and (8) 
the proof of th( marking of sMiijitoins under (onditions of high temperature and low 
humidilv (Johnson, 1922; Goss, 1924; Goss and Peltier, 192.')); and (9) recognition 
ot the natuie of llu* lugose inosan* coniplo fSimfli, 1930; Valleau and Johnson, 1930; 
Burnett and Jones, 1931 ; \ nioie <*ompIc‘le aeeount of earlv work on virus disease 

will be lound ni th*‘ following papti A'lA^ASoI'l, D A studv into the literature on 
btipph' streak and n luted diseases of the potato Medid vnn di Landbou whoitgeschool 
26 (1) 1 52 1922 

Symptoms and Effects. —Definite description of the syinptofiis of 
mosaic is difficult, since the name mosaic as applied to the potato repre- 
sents a group of closely related troubles rather than a single specific dis- 
ease. Quanjer (1921-1923) recognizes six different kinds, while Schultz 
and Folsom (1923) have- described three distinct types, but all have the* 
features of mottling and more or less wrinkling in common. 

Mottling is ;i localized chlorosis consisting of spotting of the leaf blades by 
light- grerni areas, which may or may not occur in contact with the larger veiii'^, 
and whK‘li varv in shape and degree of paleness. These discolored spots are 
punctate, olougat^', circular, angular or irregular They vary from a liandy 
iliscerniblc fading of the green to an almost pure yellow, often in the same sjMit 
They ‘seldom e\cf»(Ml a few millimeters in any dimension and their distinctness of 
outline.differs, usually m j)roportion to the degree of discoloration. They are 
more readily seen in diffused light than in direct sunlight (Schultz and Folsom, 
1923) 

In addition to mottling, various other terms are used in the description 
of mosaic '^symptoms, l ather wrinkling or ingosity is an abnormal 
unevenness of the leaf surface due to depressions and prominences, m the 
fomricr of irregular height and depth, in the latter of uniform height, but 
with the depressions only at the veins. I'his is the symptom that has 
suggested the common name of '‘(iansehaut,” which is applied to the 
disease in parls of Oimauy Especiallv in tlie extreme tyrx's, diseased 
leaves may l)e eompaied to the normal foliage of Scotch kale and Savoy 
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cabbugo l^euvos showing siu-h chaiacUMb arc homctiiiu's said to bf 
savoyed. Either wrinkling or rugosity may have a tendency to obscure 



Fui 79 *1, an apparently Inalthy loif of Larly Rose affected with latent \irus B, 

kaf of I arly Rune iffotttd with rugose mosaic ( tie ilthj Ic'if from potato seedling, />, leaf 
from pot ito dling pi »iit iflttlcd ixith Mnibindmg virus {ifUr BunJttt A Jontn, 
II uaA ly/ / rp iS/a Jhil 259 ) 

t 

llii‘ mottling, ('Specially if this is taint A microscopic examination of the 
mottled U»av('s will show a deviation from the noimal in. structure The 
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chlorotic areas are thinner than the surrounding green tissue, the palisade 
parenchyma consisting of very short or almost cubical cells as contrasted 
with the much elongated palisade cells of the normal leaf (see Fig. 85). 

Ruffling i.s an ahnormal unevenness of the leaf -blade surface, caused by ridges 
that develop or l^ecoine more pronounced with pa>ssage from the midrib to the 
lateral margins, resulting in wavine.ss of the margin. Curling is an abnormal 
iiending of the leaf blade downward along the main vein. 

Variations in the response of different potato varieties and the occur- 
rence of combinations of some other virus disease with a mosaic or of 
combination of two or more mosaics render the accurate characterization 
of the various types doubly difficult. 

• I'he three t 3 "pes of mosaic described by Schultz and Folsom (1923) will 
be presented first, and the forma descrilied by other WTiters will be con- 
neet^^d with these as far as poSvSible. It must be emphasized that final 
judgment in some casc‘s must aw^ait further inv^estigations. 

Mild Mosaic. The clijiractcnstic symptoms consist of slight dwarfing, dis- 
tinct mottling and tLome ruffling It is more easily transmittcni than leaf roll and 
is leas easily transmitted than rugose mosaie and streak The tuber symptoms 
are a general a\<Tage reduction in size 

This secMi*^ to be }jnu*tically identical with “common mosaic ' as 
described by Quaiijcr (1923) and includes much at least of the disease 
which Murptiv has couMdcnal “typical or simple mosaic'^ as distinct 
fiom crinkle'^ and “ l(*<if drop*' (1921, 1922) A mosaic symptom even 
dainter than m,ld has been designated as ^snpennild*' mosaic. 

Leaf -rolling Mosaic ''Phis is applied to a 

symptom <‘onipU‘\ that so far h-is been inedueible to simpler complexes 
an<i that consi'^ts of slitdit dwarfing, difliised mottling, wrinkling, slight ruffling 
and rolling of the u]>j)er leav(‘s It is different from tlie mild mosaie in respect 
to the distinctness of tin mottling, the jiresence of rolling and the effects in com- 
bination with the spiu<iliug tulKT d!seii*-e, and is Minilar to it in intectiousiies*- 
The tulxT symptoms -tn' i treneral average reiluction in sizo It is di^^tincl from 
leaf roll^ 

This type of rnosaie wa> probably incIud<Ml m “crinkle,’^ as descriljed 
by Murphy and adopt«‘d by iiuanjer (1923) 

Latejit (JV#p Neciosis o7 An'onecrosts, Quanjer, 1931). -The presence 
of a virus in appiarently healthy potatoes has been shown by the results of 
juice inoculations from healtliy potatoes to healthy tobacco or tornalo, 
causing a “mottle ^ (Johnson, 1925), sometimes very faint, at other tim<^ 

* evident aa,“ irregular, pale green to extremely yellow chlorotic interveinal 
tissue in contrast to the darker green along the veiijs.” Necrotic symp- 
toms may be produced in certain cases by successive transfers from origi- 
nally healthy stock, or the latent of some varieties will produce necrotic 
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symptoms when transferred to other varieties, for example, latent ir 
Monocraat and Roode Star will cause necrosis in Duke of York (Quanjer, 
1931) . A form of latent virus which differs from the common latent in its 
increased virulence and in the greater production of necrotic symptoms 
has been designated 'Virulent latent (Valleau and Johnson, 1930; Bur- 
nett and Jones, 1931). Two different type.s of top necrosis are recognised 
by Quanjer, type A and type B, with at least two varieties of type A. 
Necrosis may occur in foliage, stem and tubers. 



Fig 80 Severe form of rugoHe mosaic on Bliss Tnun^ph (Photograph by B. F. Dana ^ 


Rugose Afosaic . — This type may differentiated from mild mosaic 

. . . by the distinct dwarfing, ninre chlorosis, and more diftu-^d inotthag, a 
more rugose type of wrinkling and a tendency to shov brittleness, S|X)ttifig. 
streaking, leaf drojijnng and prc^inature death, es]>ecialiv ^hen in ctunliinathm 
with the spindling tuber disea«4e. The tuber >vmptoms are a marked reduction 
in size (Schultz and Folsom, 1923) 

The most sever?' symptoms from “virulent Intent"' may approach 
quite nearly to those of mild rugose mosaic. Evidence has been pre- 
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sentecl to show that rugose mosaic icpresents a mixed infection of at least 
two virus entities (Smith, 1930; Valleau and Johnson, 1930; Burnett and 
Jones, 1931) Inoculation tests with latent (x-\irus of Smn5h) plus the 
tobacco “ vein-l)aii(hng” (y-viius of Smith) virus yielded rugose mosaic, 
while virulent lateiii plus vein banding gave severe rugose mosaic, but a 
more malignant rugose mosaic lesulted when both virulent latent and 
tobacco mosaic were added with Aein banding This composite char- 
actei of the nigose mosaic should ('xplain some of the varying expressions 
of the cornplex as lepoited by different workers, when one takes into con- 
sideration enviionnu ntal factors, vaiidy ])(*culuirities and varying 
\irulence of the (ontributing viruses Rugose mosaic and what appears 
to be some of its variations may be pu sente d in tabimr lorm (adapted 
, from a chart by Ti K Joints). 


I eaf drop 
r eaf -drop Btr» ak. 

Streak 

Stipple streak 
( nnkle 

Crinkle u sau 
Curly dw irf 
Vtosau dw-i’-t 
KuBset dw arf 
dvv Ilf 

I liiiK ttled curlv <lw rf 


Common name of disease 


Authority 


Symptoms and effects 


Scliultr and lolsom 102 J i 

Murphy ^921 ' 

(^iiaiijfr 1921 
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' See Hpmdii tuKrf r r tthd irU Iwiirf ftHiiiispi I af In tf at O f paminnkh and innklo V 
bel mp to thf ip )B( i sa n i 1< x s d iin n JO 0 >alarii if in I 1 ♦ lillty 10 10 

Two olhd tvpe*- of ino^iK hive abo hern diserdxd b\ (iUiinjtu ^l) 
''vniefumal mosau im ukf d bv pile pdfhts fxtwff n the veins, the h^af 
tissues (l]r((ll> jij (ont u I with the vf in-, ifrn.nmng green, margins often 
a little un(ltil\t((l »nd turn 1 upwud, und (2) autnhn mosu/r, eharae- 
tenzed bv iru re or less round vellowish pateh(‘s, (‘sjieeially evident in tlie 
upper leaf surf ices, in extidiu cases oceup>ing half of the leaf surface 
I he name ol lh( 1 itter has b(f n s^iggesfc d l>y its similaiily to the variega- 
tion of Au^ntxi yiponifo 

C onfiicting reports have bten [rublisht d as to th(f possibility of trans- 
ftTnng tobaeei) mosaic to pot ilo, but Blodgett (1927) records definite 
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symptoms, varying with the variety. Local necrotic lesions, with no 
systemic Ipfection, were recorded on Bliss Triumph, and streak-like 
symptoms were produced on Green Mountain. 

The recognition of numerous distinct types of mosaic is, after all, 
not such an important thing as the recognition of symptoms of degenera- 
tion diseases in general, since they are all quite similar in their general 
effects and need be held down to a minimum to insure profitable pro- 
duction. Mottling, spotting, streaking, blighting, leaf drop, dwarfing 
and oarl>' maturity either retard the photosynthetic processes oi*cut short 
the time during which this process is active. As might be expected, the 
interference with carbohydrate manufacture causes more or less reduction 
in the size of the tubers, and in some cases quality is also impaired. In 



Fi(» 81 -DmpranniiaOt oross-soctionH of tobacco leaves showmi? effet 1 of n»08aic. 1 , 
H 4 ‘(tic)ri thronf^h hypoplastic area oi tobacto leaf, B, sertion throujrh dark-green area 
showing hypertrophy oi palisade tissue, ", aertion tlirough ordinar.’s dark-green tissue 
( \fttr B T Dicf^son, Macdonald ('ol Ttch Bui 2 .) 


inHi\ cases, mosaics cause no evident tuKT effects except reduction in 
size, there being no external oi internal characters by which the disease 
can be identified. Cracking and splitting of tubers have been noted for 
streak, in curly dwarf as described by Orton, in leaf roll, in yelloi^ dwarf 
as studied by Barrua and Chupp (1922) and in unmottled curly cTwarf by 
Schultz and Folsom (1923), It seems quite probable that some of the 
eases of tuber cracking and deforming formerly attributed to Khizoctonia 
are in reality the effects of some of the degeneration dis^'asej 

Losses from Mosaic.- The losses from mosaic are due to tlic reduced 
yields and lowered quality of the stock from diseased hills. As early 
as 1917, Murphy recognized the heavy losses from mosaic In a test 
reported by him, mosaic hills gave 52 to 63 per cent of the yield of norma! 
hills. On account qf the small size of the tubers from mosaic hills, only 
82.7 {)er '^ent were marketable, as contrasted with 91 6 per cent of the 
tubers from healthy hills. From the case studied, the conclusion was 
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reached ^'that for an average crop of 250 bushels per acre, the yield of 
marketable tubers is reduced about 1^5 bushels for every 1 pejr cent of 
mosaic present.'^ A recent test of the effect of mosaic on the •reduction 
in yield is reporU'd by Folsom and Schultz (1924) and showed that 

In pounds per hill, in comparison with the healthy hills, the yield rate was 
reduced 15 rxjr cent by the presence of about 45 per cent mosaic, 35 per cent b)r 
mosaic appearing for the first season in the progeny of healthy plants and 40 
per cent bv mosaic of 2 or more years standing. 

These figures were based on Green Mountain stock, in which most 
of the mosaic was of the mild type. In rugose mosaic or its extreme type 
mosaic dwarf, the reduced yields will be more pronounced. Krantz and 
Pisby (1921 ) report the rapid decline of yields from a number of varieties, 
including Gold Coin, Peerless Junior, Early Ohio, Minnesota No. 2 and 
Burbank, when growm at the University farm. 1’lte yields at the bt‘gin- 
ning of the tests in 1914 varied from 167 to 226 bushels per acre, while m 
1919 the same stock had become so diseased that the yields varied from 
no potatoes to 13 to 29 bushels. Where the same stock was grown at » 
some more favoralile location for a part of the time and then lirought 
back to the university farm, the decline was not so rapid. F()l‘^om rt oL 
(1926) report 10 jier cent reduction from mild mosaic and 50 per cent- from 
rugose mosaic. Gardner and Kendrick (1928) record a decre.ase in yielcV 
t)f 51 to 82 j>er cent by the use of infected (^Jbhle^ or Bliss seed These 
figures will suffice to emphasize that under conditions favorable to the 
development of mosaic, the disease may be responsible f(»r the complete 
“running out'^ of a variety in a few years time. This experience has 
been repeated from Maine to the Pacific Northwest. 

Etiology.- .Mosaic in its various forms is an infectious or communi- 
cable troiiole t)f th(‘ \ irus type and is hereditary or perpetuating. When 
Orton tirht publi^tierl 011 mosaic in 1911, it was thought to b(‘ transnuttod 
through the tubers, hut definite proof of this was not furnished until 
later. VVhile the disease was recognized at that Um(» as having certain 
resemblance^ t(» the infeetious tobacco mosaic, it." infection'^-' chara''*ter 
had not been demonstrated The different kinds of mosaic differ sojin- 
what avs to thfui der.^eos of infect musness, but they can all be* transnuttod 
From diseased to healthy plants . This irrnsmission may be dememst rated 
, by artificial means and take^ ]4ace under natural growing conditions in 
the field. Trun^missHin is successful by (]) stem grafts; (2) tulier graft.s 
(see Leaf Roll tor metliod); (3) juice inoculations; and (4) the fianhng 
punctures of aphids which have been pastured on diseased plants. 
Potato mosaic is not so infectious as toba^*co mosaic^ which is transmitted 
by contact. ^ Merc contact t^f aerial or underground parts is not sufficient 
for transmission of potato mosaic, but organic unite appears to be neces- 
sary. This is indicated by complete failure of transmission when 
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attempted tuber grafts fail to unite. From this behavior, it will be seen 
that there is no danger of transmission from tuber to tuber during the 
storage period, unless sprouting should take place and aphids should be 
present. 

Juice inoculations have been made in a number of different ways^ 
using bolh filtered and unfiltered juice: (1) by filling a cavity in a seed 
piece with the juice from crushed stems and leaves of diseased plants; 
(2) by painting the juice on rubl>ed, bniiMal or slashed leaves; (3) by 
hypodermic injection into stems or petioles; (4) by application o^the juice 
from diseased plants to young healthy leaves, followed by rubbing and 
crushing of parts of the leaves between the tingfTs; and (5) by jdacing a 
dis(‘ased leaf in contact with a healthy one and rubbing and crushing 
together (Scliultz et aLj 1919). Varying success followed the use of these 
methods, ^ome being negative*, but (4) and ^5; were especially successful, 
'rhese so-called leaf-mutilation inocAilations have been very generally 
used in transmission studies (Schultz and Folsom, 1923). 

Aphid transmission was demonstrated by Schultz (t (d, (1919) by 
observation of natural dispersal and also by the artificial transfer of the 
insect vectors, and similar results were later (d)lained by Quanjer (1920). 
'The most positive pr(H»f of insert transmission was obtained by the us<' 
of in,-^(*et -proof cages. In a test made in the winter of 1918-1919 under 
greenhouse conditions, sjiinach aphids whi(*h had been pastured on mosaic 
})lanls were placed on mosaic-free plants under the cages, and, of 18 
plants used, 13 developed typical mosaic symptoms, while aphids trans- 
ferred from healthy potatoes and from radish plants induced no mosaic 
sy in pi urns. 

Syinj'toiiis of mosaic were tlrst seen in to 31 davs and then consisted of the 
mottling cluiractoristic of slight mosaic, but the mottling soon hecaine more 
jironounced and sometimes was accompanied by considerable wrinkling tSchult2 
a nl , 1919 ). 

Quanjer (1920) reports that in his experiments “every plant on which 
mf)saic aphids w'en* fed got mosaic progeny “ but that the symptoms of 
primary disease did not alway.s .show during the current season. I'he 
testing of the progeny was the certain means of determining tchether 
transmission had taken place. 

Tlie following aphiiK have been demonstiaied to be vectors of potato 
mosaics: M i/zu-s persiav, M. pscudoiiohuu'j Marro.'<iphiun gri l^aolaft if olii) 
A plus rhiimrn and A. fnluv {nun ids) (Schultz and Folsom, 1923; FJze, 
1927; Smith, 1927 1929). Klze reports transfer also by cabbage cater- 
pillars and by the tlca beetle {Psylhoidei^aJ[fi nis) . Negative, oruncertavr 
results w^ere obtained with capsids, leaf hoppers, and white f^es (Smith 
1927). 

Rugose mosaic is the most infectious of 'the mosaic ty[^)es, and cur»;cnt- 
season symptoms in the Gobbler, Rural and Hose groujis may be readilj 
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obtained by leaf-mutilaiion inoculations in either the greenhouse or the 
open field. Leaf-rolling mosaic is similar to mild mosaic in infecHousness, 
but both are more easily transmitted than leaf roll. 

A frequently observed and important feature of mosaic is the masking 
of the symptoms as a result of exposure to certain environmental condi- 
tions. This relation of tem|)erature to the visible expression of mosaic 
symptoms was first shown under controlled conditions by Johnson for 
tobacco mosaic and later for potato mosaic (1922) Plants were grown in 
the greenhouse in air-control chambers held at fairly constant tempera- 
tures for 1 to 3 wef 1 s The effect on mosaic was bavsed either on the 
disappearance of mosaic symptoms or on the intensity of their expression. 

Tenqieratures as low as socminglv did not inhjl)it the disease Taking 
♦ he grow'th of the host into consideration, the optimum temperature lies ])et\\een 
14 and 18°C Above 20°(' , syirij)tom'' flisaj)j>e‘ir the rate or ^eco^er3 from the 
disease being increased in proportion to increase of temj»erature within the limits 
of host development To inhibit tin* disease cnmi)l( tely }>ow'ever, within a 
]M‘riod of 1 to 2 weeks, a temj>i'raturt of 24 to 2.)°C is necessary, and this may be 
regarded as the maximum temperature for mosaic manifestation in the potat/O 
New leaves, free from symptoms, apj)ear (juickh at this tem})er.ituns and older 
leaves gradually lose their symjitoms, the rat( of nccAerv' being loughlv 
proportional hi the age of the leaf, / ( the older the leaf the longer tlic time 
required for recovery (Johnson, 1022) 

In these first studies, the tyf>c of mosaic was not indicated, but Goss 
(1924) has recently noted essentially similar relations for mild inosaie, 
medium-plus mosaic (rugose) and curly dwarf and lias emphasized the 
fact that masking of symptoms is also favored by low inui^-Mure and 
increased sunlight The important bearing of these air environmental 
factors IS stressed, since all three -high lempt'rature, low^ air moisture 
and intense sunshine usually occur together under field condiiions and 
in certain enviromnents may lie sufficient to eause almost eomplete 
masking of symptoms In lat<‘r studios on the relation of enviionmont, 
Goss and Peltier (1925) leport that 

Th( effect of air temufuduie on the fohagf ^vmjffoins of mo-^aic has again 
been found to b(‘ \er\ pronoumid and appeal^ to lx tlx most im|>oit tnt factoi 
in the masking of foliage >\]nptoms of the degeneration dis(*ases 
^ Mottling was again found to lx the most con^^tant symptom of mosaic at all 
temperatures, ^tliough a change m llie typo and degree of mottling w^as clearly 
cAident With mild mosaic mottling did not ajipoar on new growth at , 
while the distinct mottling occurring at became very indistinct or diffuse 

when the plants were changed to 25® The indistinct or Uiffuse mottling of 
jAints affected by rugose mosaic was not greatly changed at high temperatures 

The wrinkling, ruffling, rugosity, curling, rolling and brittleness of mosaic 
plants all tended to disappear at 25®C. In addition to the masking of the above 
symptoms which has previoubly been recorded, it was found that the streaking, 
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spotting, burning and leaf dropping of rugose mosaic did not occur at 26°C. on 
Bliss Triumphs. 

The sympTxjms of nnld mosaic are so greatly masked at high temperatures 
that the plant often looks healthy, while the other mosaic types and combinations 
of two mosaics or mosaic and spindle tuber still retain enough of the symptoms 
at 25®C. to distinguish them clearly from mild mosaic and healthy plants. The 
identification of the individual disea-ses, however, is very difficulc and often 
impossible at 25°C. 

In a later study on the relation of environmental factors to potato 
mosaic, Tompkins (1926) discussed the effect of air temperature, soil 
tempc'rature, soil moisture, air humidity, light and nutrition and reported 
that air temperature was the main factor affecting the expression of 
mosaic symptoms. Short exposures to temperatures above the critical 
(23 to 24 ^'C.) were sufficient to mask mosaic symptoms, the rate of mask- 
ing depending on the duration of the high tcmjMirature, che actual tem- 
l>erature prevailing and the ago of the leaves. 

The exposure of mosaic plants to the high temperatures does m)t 
appear to destroy the infectious properties of the mosaic virus, since 
aphid transmission may continue during the period of masking, and 
prog(‘ny from all such diseased hills will again exhibit the disease when 
grown Under favorable temperature conditions. 

Varietal Relations. — With some modifications of symptoms, the 
various types of mosaic appear t() be generally capable of intervarietal 
transmission or of transmission from recognized varieties to seedlings or 
from seedlings back to the same varieties or to others. Quanjer (1922) 
reports that mosaic (apparently mild mosaic) can be transmitted to other 
solanaeeous species, e.g., tomato and tobacco, by grafting. Schultz and 
Kolsom have obtained similar results by leaf mutilation and by aphid 
transmission but conclude that potato mild mosaic is not identical with 
tobacco mosaic and that the tomato is sucepuble to both of these mosaics 
and also to potato rugose mosaic. Mild mosaic has also been transmit teal 
to black nightshade {Solaninn nigrum). More recently, Elmer (1925) 
has reported the successful transfer of mosaic from potatoes to cowpeaa 
by means of aphids, but artificial inoculations were unsuccessful^ which 
would lead one to question the reliability of the dam on aphid transfer. 

Not very much cun be saitl at the present with reference to the resist-* 
anee of varieties. While variations have been noted in suceptibility, 
no immune strains of varieties have been found. Seedlings appear to he 
(juite geneially susceptible A large amount of the experimental work 
has been conducted with the very susceptible Green Mountains and Bliss 
Triumphs. It is stated that the Irish T5obbler is practically free from . 
mosaic in northern M^aine (Folsom 1920) and that other varieties rcvsemble 
the Cobblers. Murphy (1922) mentions eight varieties, including Groat 
Scot, as resistant to mosaic in Ireland, Great Scot being the only one that 
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withstands leaf roll also. It is possible that high resistance to mosaics 
may be developed by selection among known varieties or in seedling 
strains, but the outlook is not very promising. 

Control. -The control of mosaic is more difficult than that of leaf roll, 
because of its more ready transmission and the pronounced masking of 
symptoms. The recommendations for leaf-roll control are of general 
application in holding the losscb from mosaic down to a minimum. Two 
lines of prcK^ediire are ot>en to the potato grower: (1) to roly on seed pro- 
duced in regnmH m whicli mosaic is of little consequence or where extreme 
care is talcen by professional seed grower'^ to produce high-grade stock; (^r 
(2) to produce his own seed in an isolated seed plot, as outlined under 
Ix“if Kolh i'\p(Tience has sliown that even greatiT care must b(' 
practiced in roguemg the seed plot, beginning early before the mosaic 
symptoms are masked The success attending tlie seed-pl(U method will 
vary in different environments, and ex^xTience must lie the guide as to 
its value. An experiment reported by Stewart (1921) is illustrative of th(^ 
degree of success which may attend the seed-plot method and roguemg 
Grecnhouse-le.^ted, mosaie-free Groeri Mouijtain seed was grown in 1921 
1922 and 1923 in isolatial plots and caj-efully rogued, but the 1923 crop 
when tested in tiio greenhcaise ‘-howed 1.4 jici cent of mosaic* In ease 
the use of imported certified seed is adopted as the best practice, :.t may 
be possible to use stock from this crop the second season and use tb(‘ 
certified seed only every otluT vear 

In everv country, a search should be mack* foi secduded or isolatcal 
localities in which s(*ed-pota1o production can be* profitably establishcf) 
because of ireedom from the in.sect veeteiis C ases are on record where 
the same seed stock lias bc'cn grown for 25 years without showing any 
signs ot deterioration It is now g(*neral]y conee'ded that ‘‘lunnmg out,’^ 
(jr degeneration, of jxit-itoc- i'^ not a physiological procc'Ss but the result 
of (he nurnf*ious miu*- dise<ises and (hat >ee(l slock may be kept up 
mdeiini^el} if ihosr (h^(*a^es are absent or can bo exelu(k‘d. 

1’he reconun(*ri(l jtion that all wild nise bigdie^ \\hi(‘h might harbor 
aphids wslunild be leiiioved may be praetiea! m some environments, but 
in manv regions it would be but an idle dream (*\cept as applied to 
the isolated seed plot 
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POTATO LEAF ROLL 

This is one of the several degeneration or virus diseases of the potato 
in which a pronounced rolling of the leaves is a eharacleristic symptom. 
Affected planis are not killed, but marked reductions in yield result, The 
disease is known in Germany as i,ie “ Blattrollkrankheit in France as 
‘Ta maladie dc renrc/uleineni and in America and other TOnglish-speaking 
countri(‘s as leaf roll, although ‘‘curl’' and leaf curl" have been used to 
a limited extent. 

History and Geographic Distribution. It sccm.s pruliablc that leaf n>ll and other 
\iru8 of the [lotato were jirevalent many years ago (s(*c iiotaio mosaic). The 

opinion luis b(‘cn expr(‘si*(’<l that the notable failures of i)otalo<‘s m nnddh’ and wi‘slerii 
Kurop(‘ from 1770-17X6 wnie due to leaf roll an(hhseaM'st)f th« nos.ne gioup I^'al roll 
as a specific disease of (lie potato, ho\ve\er, was fust lecogni/aal in Germany and Ikni- 
mark m 1905. Previous to this time, the diseaM'had been incliulcd w ith potato trouldcs 
kriowai under the getunal name of Kraiisclkrankheiten ’ In 1907, a more general 
outbreak oiaurrcd in G(‘nnaiiy and from that tunc on scientific workiTS have given 
much attention to this and related diseases In l9l \. Uhtc was an outbreak of leaf 
roll in northern Colorado and in western Nebraska, and tlu' first clear-cut pmseiitation 
of the leaf roll as a potato disea.se in America j^vas publislicd by Otton (1914). This 
was made possible through a study of potato diseases in Europe in 1911 and extensive 
travel later through tlu' important i>otato s<‘ctions of America. Even as early as 
1914, Orton wrote; “The literaUirc on leaf roll has become so voluminous that few will 
undertake to peruse all the contributions, which arc, indoc‘d, of very uneven merit, and 
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anyone who attempts it is likely to emerge with his concepts of the disease more 
confused and hasy than at the start.” This bewildering condition was due to the 
imperfect recognition of the 8>mptom8 of the disease and to the fact i*,hai there were 
80 many and vaned opinions as to its true cause 

There are a number of important steps in the history of the disease: (1) the recog- 
nition of leaf roll as a specific disease (1905); (2) the establishment of its heritable 
character; (3) the histological studies showing phlo6m necrosis as a constant internal 
character (Quanjer, 1913; Artschwager, 1918); (41 the demonstration of its communi- 
cability by grafting (Quanjer el ni , 1916; Schults and Folsom, 1919); (5) the proof of 
transmission by aphids (Botjes, 1920; Schultz and Folsom, 1921); (6) the observation 
of net nei^fosis and spindling sprout as a frequent accompaniment (Schultz and Folsom, 
1921); and (7) the proof that insect transmission may not be evident until the second 
season and that the disease transmitted to other plants by grafting (tomato, tobacco, 
etc.) may remain latent — in other words, that these may be inlection carriers without 
themselves showing the disease (Quanjer, 1923). During recent yoare, workers in 
Great Britain, Continental Europe and America have made numerous contributions 
to our knowledge of leaf roll, and it has also been studied by Japanese investigators 
(Kasai, 1921). 

Exact data as to the detailed geographic distribution of le^ roll are not available, 
but from the numerous reports it seems probable that its occurrence is coexistent with 
the cultivation of potatoes but that it reaches its greatest- seventy only in region*- 
in which its insect carriers are especially abiuidant. These earners appear to de(*rease 
in the northern latitudes or higher altitudes, which would explain the greater frei^dom 
of cooler sections from leaf roll. This is offered as i he explanation for more infrequent 
occurrence of the disease in much of north Scotland than m the south of England, and 
admilar relations may be pointed out for the Arn-^ncan ofciirrcnce of loif roll lijjnce 
no visible organism is connected wo Mi the disease and since other non-paraMtic cond)* 
tions and several parasitic invasions may be rci^ponsible for somewhat similar symp- 
toms, the presence of leaf roll has been frequently overlooked, nnl(*ss special stiidu's 
have been made by workers who have become thoroiighb tuiniliar e ii> the disease 

Sjrmptoms and Effects.— The most common synifM^ w the charac- 
teristic rolling of the leaves, which has suggested the conmioii nsme of the 
disease The leaflets curl upward from the margin toward the midrib 
and in the extreme cases becomes nearly tubular. I'he (eitinc of the 
rolled leaves is different from that of normal leaves 

The rigid character of the affected leaf r»r leaflet ih a very imyorionl diagnostic 
character. Tlie “feel” is hard and crisp The terin^ “brittle ” ‘ turgeficent, ” 
“rigid,” “leathery” have been used to describe this condition, l/^aves showing 
symptoms of leaf roll do not wilt and become limp dunng drought, as normal 
leaves do (Wortley, 1918). 

The petioles of affected leaves are frequently raised to form a more 
acute anglf with the stalk than in normal plants, especially in the cum of 
primary leaf roll. When infected tubers are planted, the lower leav<‘s 
invariably show the first rolling of the leaflets, and the trouble advances 
until the entire plant may shdw the symptom. Where the disease is 
contract etl by a plant during the growing season, the rolling of the leaflets 
may he confined to the upper parts of the plant (primary leaf roll); and 
when this symptom is only slightly expressed, the definite diagnosis of leaf 
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roll is very difficult and sometimes cannot be determined with certainty 
until the progeny has been grown the next season. 

At this point, it will be well to note that a rolling of the leaflets may be 
caused by other ogencies than the true leaf-roll disease: (1) water-logged 
soil; (2) drought or extreme heat; (3) excessive quantities of fertilizer, 
especially potash; (4) the bacterial disease blackleg; (5) fungous diseases 
like Fiusarium or Verticilhuin wilts and Rhizoctonia; and f6) several other 
virus diseases of the potato (see list under Mosaic). Careful attention 
to the detailed symptoms m the various cases must frequently be given to 
make a certain diagnosis Too much weight should not be attached to 
the presence of a parasite like Rhizoctonia, for example, since this fungus 
IS, frequently in evidence on plants affected with the leaf roll/ 



Fn. MJ Potato plant showing a wcll-devolopod ra,^ of leaf roll {Photograph by B F 

Dana ' 

The coloi of the folia(f( deviates more or less from that of normal 
plants hut varies with the variety, the envinmmtntal conditions land the 
severity of the infection. lOarly stages of leaf roll may show but a sKght 
pallor of the foliage, while as the sc^ason nces, especially under con- 
ditions of extreme drought, the color may ho a pronounced yellowish 
In nniu .• eis, the affected leaves will show reddish or purplish colors, 
whicli aie c^^n,sI^leuous in certain varieties or in haif-roll infections of 
king standing. 

The type of growth of the plant is modified, but the chaiye is not a' 
constant character. ^ In some cases, the affected plant is more slender, 
with an abnormally erect V-shaped form, while in othei-s a low-spreading, 
truncate or compressed form may be assumed In leaf roll from infected 
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fubeis, (he length of life of the diseased plants appears to be shortened, 
and they are generally smaller than normal 

The endurance of the seed piece has frequently been mentioned as a 
character of leaf roll, but this does not seem to be a character of diagnostn 
value, since it has been pointed out tliat under certain conditions the seed 
pieces of normal plants may persist ; while under conditions very favorable 



Fjg 83 potato U if ^houinR the Churm tenstu rolling of tin h afl< t« from an 

ifKctul pi i»il (Pkrioj^raph hi/ li F Dana ) 

for dc‘cii\, loaf-udl bpcd pieces rn.iy dminWgrale Sound 'wed pieces ;\re 
found in some of the othei vlius disciises. 

The reihicium ?n the size of the tubers is an Tnvari.ibli' feature in the 
disease, and very frequent!} the Lolons aie short, so +hat the lubers are 
home in clusters close to the stem or directly upon it. There may be a 
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few moderate-sized tubers or the tubers may be fairly numerous and 
small. 

The necrosis of the phloem has been especially cmohasized as a symp- 
tom of leaf roll by Quanjer (1913, 1920), who suggests that the disease 
**may better be termed phloem necrosis or, according to Pethybridge, 
leptonecrosis.'' The findings of Quanjer were corroborated by Art- 
schwager (1918), and in later studies (1923) he states that 

Stem sections of a typical leaf-roll plant exliibit, as a diagnostic internal symp- 
tom, a necrosis and lignification of the phloem groups. In the case of severe 
external symptoms, the diseased groups ixjrvade the entire plant, with the occa- 
.sional exception of the miderground organs. The distal stem region is commonly 
affected, and in nearly every instance the necrotic changes are of an extreme ty|>e 
The basal stem region always shows necrotic changes when extermd symptoms 
i)ecome evident while the plant is still young. As a rule, necrosis of the phloem 
in the lower stem means generally necrosis of the plant throughout its extent, but 
the symptoms may decrease tr>ward the distal end or disapjxiar altogether .Vt 
any given height of the stem, the node is typically more severely affected than 
is the internode. This condition is especially o))scrved in the initial stages of 
the disease, but during siibsequent development either region may l)e eciually 
affected . , . Whih^ obliteration of the phloem is always observed in connection 
with leaf roll, it is also an accompanying phenorm'non in other diseases. It is 
not so much its mere presence as its universality in distribution, coufiled with the 
absence of necrosis in other tissues, which gives it a real diagnostic ^'alue. 

Net necrosis of tubers and spindling sprout have recently been recorded 
as symptoms accompanying leaf roll (Schultz and Folsom, 1921). 

Net necrosis is apparently a leaf-roll symptom, being a discoloration whicli 
results from tuber phloem necrosis a 1 which appears nnire often as conditions 
of variety, recency of infection .ind w fight ol tub-T are more favorable It 
develops in the* dormant tulxTs without i(*lation to diil(*renct*s in the storage 
temperature. When it occurs a^ a \Mnptoni o leaf roll, the effi'ct^ of the latter 
are still more detrimental, one being a decided -piiulhiu's- of the 'sprouts 

Later studies by Gill)ert (1928) and Llzo and Quanjer (1929) have 
shown positively that net necrosis of tubers is a first-season symptom 
following infection with leaf roll in Aiiiorican varieties. German varieties 
like Koode Star or Duke of York exposed to the ^aiiu* source* of infection 
showed pliloeun necnisis confine'd to stalks a»ai lexivc's (hdze* and Quanjer, 
1929). '^rhe n'lation of sfundling .‘sprout to leaf roll has l>ecTi denied by 
Atanasoff (1926) and VAze (1927). 1'he latter reports suee(\s.sful Irans- 
missiejn of spindling sprout with Myzus persicAV but is inclined to view thL^ 
symptom as the result of a distiiiet virm^. Tlie net necrosis ehseussed by^ 
Atanaseiff (1926) as connected with aucuba mosaic is appifrently the 
pseudo-net necrosis of Quanjer and is caused by another vims entity. 

Neither net necrosis nor spindling sprout can bo accepted as diag- 
nostic characlers for leaf roll, since they are not always in evidence and 
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may be caused by entirely different factors (unfavorable temneratures, 
etc.). 

The accumulation of starch in the leaoes of leaf-roll plants can be 
demonstrated by the standard iodine test. In a normal plant, transloca- 
tion of carbohydrates proceeds during the night period, and in the morn- 
ing the leaves are devoid of starch; while in leaf-roll plants, the starch is 
not carried to tubers, or only slowly, and the leaves are still full of starch. 



Fiv* SA -Spindling sprout, a symptom whi^h froquontly arrompanios leaf roll {Photo 

graph htf Ji. F Dana.) 


In recently infected plants, there is a little phloem necrf)sis in the upper 
part of the slalk tmd the upper leaves. In such cases, the translocation of 
the starch is inhihited in the upper structures, while in the basal portions 
•normal conditions prevail. It * has l)een concluded that the starch 
accumulation is caused by a disturl)ed transport and not by a modi- 
fication of enzymatic processes (Thung, 1928). . 

Quanjer (1923) has recognized a second form of leaf roll which he has 
designated ‘'marginal leaf roll” In this disease. 




VIRUS AND RELATED DISEASES 


307 


The margins only of the leaflets are shortl-y curled upwards, often more in 
the upper part than in the lower portion of the plant. Leaflets do not take the 
upright habit Transport of starch only prohibited in margins. No phlohm 
necrosis in mjdnhs, petioles and stems. 

It has been suggested that this is identical with spindle tuber, which 
shows marginal rolling of the upper leaflets in some localities. 

A third form of leaf roll has been recognized by Schultz and Bonde 
(1929) Infected plants slightly dwarfed manifest roll of the upper 
leaves similar to primary leaf roll . . . However, apical leaf roll is dis- 
tinguished from primary leaf roll by persisting only on the upper leaves in 
succeeding generations.” 



Fio. 85 -Cross and longitudinal ifctions of potato tubers showing net type of phloTm 

necrosis. 

Losses from Leaf Roll.— Leaf roll is but one of the virus diseases 
that may be responsible for the ‘‘running of potato seed stock. 
When fields become iflifected with the disease, it is only a question of 
time when production will sink to a very low point. It has been a com- 
mon thing to say that leaf-roll stock will reduce the yield 50 per cent or 
more. Under favorable conditions for tlie spread of leaf roll, stock only 
slightly infected may become worthless in 2 to 4 years. The tabulation* 
on page 308 of reported yield reductions is taken from the report of 
Gardner and Kendrick (1924). 

Wliitehcad and Cume (1931) rejjort reduced weights of tubers as a 
result of loaf-roll infection from a minimum of 14 per cent in Up-to-daite 
to a maximum reduction of 97.6 per cent in Herald. 

The reduction in total yield is very high, while still further losses 
are inflicted because the stock is not all marketable. These figures are 
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Authority 

Place 

Per cent of 
Jrield reduc- 
tion 

Murphy 

Canada 

66-82 

Schultz and Frdsom 

Marne 

42 

Hungerford 

Idaho 

80 

C!otton 

Great Britain 

30-75 

lutehead 

Ireland 

46-79 

Murphy 

Ireland 

69-79 

Gram 

Denmark 

20-89 

Gardner and Kendrick 

Indiana 

22 66 


sufficient to emphasize the extremely heavy losses which may result from 
leaf roll alone. When other virus diseases or fungous troubles are present , 
the losses may be even greater 

Etiology. — Leaf roll is an infectious or eominun'cable trouble of the 
virus type and is hereditary or perpetuatiag. When Orton summaiized 
our knowledge of the disease, it had been generally agreed that tubers 
from diseased plants produce diseased progeny, a character distinguishing 
true leaf roll from temporary oi false leaf roll due to various environmental 
factors, but there was no evidence that it was communicable (10J4). 
The negative results obtained in the first attempts at artificial trans- 
mission were due mainly to a failure to uiulersland the necchsar’ length 
of incubatK'n penod following an inoculation liefore the symptoms of the 
disease would become evident Leaf roll can be communicated by 
grafting, and two different methods have been successfully (‘mployed 
(1) stalk grafting and (2) tuber grafting In tesis iruule m the summer of 
1919 (Schultz and Folsom, 1921), stalks from dl'^(Mscd pi ints were grafted 
on health^ stalks, using both (been Mount \in and Irisli ('obblcr, and 
by the end of prow mg season, shoots fT(>m the stock just below the 
graft were "ihc^wing typical leat roll TuU i gr \its \vei( made bv biiriging 
into contact the iieshly cut surftce^ of hdv^^ <'f li(alth\ md Ifat-roll 
lubeip ajid holding them tightly so tint organie union could t ike filace 
At the end of the growing ison hsif roll h.id been Irau' nutted to shoots 
from +he health^ halves in all rasrs \n vvhuh there was an organic union 
of the pieces R(‘cent woik (Idze, 19.'M^ indicates the possibility of trans- 
mission through seed from infected mothei plants 

An important forward step in our knowledge of the etiology of 
leaf roll was made by Bolj(*s m Holland (1920) when he deinonstiated 
tjhat the disease can bo iransrniTted fiom diseased to healthy plants 
by the feefling punetures of aphids "Jhis metho^ of transmission 
was later confirmed by Schultz and Folsom (1921) (Fsing the same 
method that had proved successful m the transmission of mosaic, they 
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took aphids from leaf-roll plants and kept them on healthy plants under 
insect-pro(Af ca^i^es. The controls remained healthy, but the plants on 
which the al)hids were pastured developed the first symptoms of leaf roll 
after 24 to 29 days, while typical symptoms of severe leaf roll followed 
with the progress of the infections. Fuld observations have served to 
confirm the importance of aphid transmission as a natural method of 
dissemination. Numerous observations have shown that the field spread 
of leaf roll is much more rapid in some localities than in others (Gardner 
and Kendrick, 1924); the reason for this was not understood for some 
time, but at the present the abundance of the vectors is recognized as the 
cause. Recent work (Smith, 1929 has shown that the incidence of 
infection is much greater with colonics of 12 to 18 aphids per pli nt than 
with only 2 to 6, Transmission tests (lOlze, 1927, 1931; Smith, 1929; 
Murphy and McKay, 1929; Whitehead, 1931 i point to Myzus persioB 
as the Hivist efficient vector of leaf roll. Other aphids are also capable of 
carrying leaf roll {M. circumflexuSj Aphis rhovinij A fahiv and possibl;^ 
others) but may bo considered as poor vectors. Kize (1931) suggi^ts 
that the efficiency of M. persiae is due t() definite biological relation with 
the virus as indicated by (1) the existence of an incubation period for the 
virus in the inst*cl; (2) the retention of infective power after moulting; 
(3) tht', retention of infective powder after ftH'ding for a long period on 
plants not susceptible to leaf roll; and (4) the certainty of infection 
from a small number of viruliferous individuals. Smith (1929) thinks 
that M. persicce remains viruliferous throughout life. The rather infre- 
quent tmnsmission by biting insects would appear to be mainly of 
mechanical nature. 

Quanjer (1920) believed that he had obt*.m(d evidence that there 
is a soil contamination in leaf n»ll and that infection of a crop may 
result from the infective principle that persists in the soil. Later tests by 
others have led to the belief that these apparently positive results were 
due to ungathered diseased tubers which Ihod over winter and produced 
infected plants from which aphids carried the disi^asc to the healthy 
slock. Li'af roll is transmitted with more difficulty than any of the other 
virus diseases of the potato. It is generally agreed that leaf roll cannot 
be communicated by mere contact of either roots or Wips, yet Whitehead 
(1923) has presented evidence of communication from healthy to normal 
plants through the soil All attempts to tiaiismit it by leaf mutilation 
or by juice inoculation, methods wffiieh have proved so successful in 
mosaic transmission, have given only negative results. 

Previous to the definite recognition of leaf roll as due to the trans- 
mission of a virus or infective principle, many different theories were 
advanced to explain the disease. Some of these w'ore as follows: {1) 
either excesses or deficiencies of mineral elements in natural soils or 
the use of fertilizers; (2) the use of cither .unripe or matured tubers for 
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seed or of tubers from prematurely ripened plants; (3) poor cultural 
methods; (4) varietal degeneration due to continued vegetative propoga* 
lion with failure to pn ctice seed selection; (6) the invasion of a parasitic 
fungus, probably a Fusanum. The presence of fungi on the roots or 
steins of leaf-roll plants has been more or less confusing, since these 
were frequently reputed parasites, but numerous cases of fungus-freo 
plants affected with leaf roll pointed to the fungi as either secondary 
invaders or pathogen«*s working simultaneously with the causal agent 
of leaf njlL Even in recent time, some workers have refused to accept 
the view’ that leaf roll caused by a virus (Schweizer, 1930, Merken- 
^chlager, 1930). 

(hi(‘ of the important features in leaf roll whicii has been brought 
out by the later investigators is the fact that transmission by aphids 
may not lieeome evident during the current growing season but that 
the infective principle is earned down into the tubers, so that the disease 
Will appear the next season if these tubers are planted. According to 
lecent w(»rk (Whitehead and Curne, 3930), infections of Aaran Comrade 
8 or less weeks after planting will result in secondary symptoms, while 
later inteetions will give only primary symptoms, and for Kerris Fmk the 
infectKui must lx* within 5 wrecks after planting to yield secondary symp- 
toms In this connection, mention sliould be made of the infection of 
sprouting tubers by -aphis vectors (Stewart and Glasgow, 19 W). If the 
results reported by Quanjer, that ilie disciKse may bi* transmitted ff^in 
leaf-roll plants lo tomato and other solanactous species and bacl^to the 
potato by giafting, without the symptoms of the disease ap^Hjaring in 
these siilanaceous forms, should j)rove true in the case of natural insect 
Lransmishion, (oiitrol of leal roll would be even more complicated 

In primary infections, not all of the tubers produced by a plant carry 
the disease. It has ( ven been shown that some of the tubers from the 
same stalk may be healthy while others are infected and, more larely 
that sprouts from certain eye© of a tuber may pnxJuce leaf-roll plants 
while other sprouts from the same tuber remain healthy It seems 
probable that this variable behavior is due, in part at least, to the length 
of time that has elapsed between inoculation and the death of the plants 
or the harvesting of the tubers, since it has been shown that the virus 
passes down through the plant rather slowly 

The distance which leaf roll will spread in the field is rather limited. 
The greatest spread will be to plants immediately adjacent to infected 
ones, but it has betm reported to spread across at least three to four rows 
The percen\ige uf infectuin m rows adjacent to a row showing 100 fK*r 
cent leaf roll have Ixxm noted.as follows first row, 87, second row, 9;- 
third rov^3 (Murphy and McKay, 1927) Some field observations have 
indicated spread for greater distances, up to 75 tobl50 feet, but at sUch 
distance the infection is low. From all the observations, the conclusion 
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may be reached that the danger of spread from one field to another is 
very slight, if the fields are well separated. 

Variety^Resistance. — Differences in varietal susceptibility have been 
reported by various workers, but as yet no immune varieties have been 
found. Some of the cases of a[ parent resistance are probably due to 
early maturity, which removes many of the opportunities for infection, 
since aphids have not reached maximum development at the time the 
crop is ready for harvest. This is the apparent explanation for the 
greater freedom of Early Ohio and Irish (k)bbler as contrasted with 
the late Rural varieties. A number of investigators have reported Early 
Ohios, Cobblers and Rurals as very susceptible, but some field tests have 
shown a greater seasonal spread to Rural New Ynrker when all varieties 
were equally exposed to infection (Gardner and Kendrick, 1924). Cotton 
(1922) lists many commercial English varieties as susceptible but states 
that Great Scot is very seldom infected '['he great variation in the 
yield of different varieties equally exposcal to infection (14 to 97.6 per 
cent) offers h()j>e for the production of high-yieldiug and resistant strains 
by selection and breeding ^Whitehead and ('nine, 191^1). 

Control. — The problem of leaf-roll control is insi^parably connected 
With the control of mosaic and varuiUb otlier virus diseases, since leaf 
roll is rarely the only virus disease present in any environment. The pro- 
cedure to follow will be somewhat different for growers of table stock and 
producers of seed. In a region in which leaf roll is knf)wn to spread 
readily, it is not advisable for a grower to attenqit to produce his own seed. 
The use of an isolated seed plot, planted with selected seed of good size, 
free from internal neciosis, may hold up the stock for a time, if the plot 
is carefully rogued, sprayed at intervals for the control of aphids and 
harvested early, but in the majority of cases the grower of table stock will 
find it more profitable to relj^ o'^ tht use of se(‘d from sections in which 
leaf roll is less prevalent, and the greatest safety should attend the use of 
certified seed from such regions. The value of seed stock from the 
potato-seed sections of Michigan, Wisciuisin and Minnesota does not 
depend so much on seed certification as upon the lesser prevalence of leaf 
roll and other virus diseases. 

Some of the features which should be especially emphasized in obtain- 
ing and maintaining seed stock are as follows - (1) Field selection of high' 
yielding hills will not eliminate leaf roll if the disease is f>resent in the plot, 
since primary infections which are not disceraibli* may have taken place, ^ 
(2) selected seed for starting a seed plot may he tuber indexed by growing 
one eye from each tuber in the greenhouse (also in the field, 6 to 8 weeks 
being required), and the presence or absence of leaf roll determined; (8) 
isolation of the seed plot is necessary 4o prevent the introduction of leaf 
roll by insect carriers; (4) the destruction of vohmteer p4»tatoes is of 
importance, since- Ihese may be already infected and furnish the virus to 
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be earned to the seed stocjc by aphids; (6) rogueing for leaf roll is more 
effective than for mosaic, since its spread is slower and masking of 
symptoms leas frequent ; (6) primary- or current-season infections do not 
reduce the yield but render the crop of little value for seed purposes; 
(7) the spread of leaf roll is directly proportional to the abundance of 
aphids, and their control should receive attention by seed growers. 

According to Schweizer (1930), promising results in control have been 
obtained by the application to the soil of a mixture of manganese, lime, 
cyanide and uranium salts at the rate of 500 cubic centimeters per plant 
or by soaking the tubers for 5 minutes in the same solution. It would 
seem doul)tful whether the author in this case was working with a true 
virosis. 
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leaf roll and mosaic in potatoes. Jour. Am. Soc. Agron. 22: 75-76. 1930. 

' Mereenschlager^ E.: Zur Biologic der Kartoffel. 11. Zur Pathologic dcr Blattroll- 
krankheit. Arb. Biol. Reich/inst. Land- und Forsiiviri.^tch 17: 345-376. 3 930. 

ScHWEizER, G.; Ein Beitrag zur Atiologie and Therapic der Blattrollkrankheit bei 
der Kartoffeipflanze. Phyiopath. Zeitschr. 2: 557-591. 1930. 

Whitehead, T and Currie, J. F.: Devclopnient of secondary symptoms in the 
year of infection. Jour. Min. Agr.Gt Brit. 37: 3 59-163. 1930. 

Stewart, F. C. and GLAsaow% H,: Aphids as vectors of leaf roll among sprouting 
tubem. N. State Agr. Exp. Sta. Tech. Bui. 171: 1-21. 1930. 

Elze, D. L. : The relation between insect and virus as shown in leaf roll, and a chissi- 
fication ol viruses based on this relation. Phyiopath. 21: 675-6864 1 931. 

- — : Die Hebertragbarkeit mit dem Samen von Aukuba-Mosaik sowie BlattroU 
(Phloernnekrose) der Kartoffel. Phytopath. Zeitschr. 3: 449-160 1931. 

Whitehead, T.: On the transmission of potato leaf roll by aphids. Ann. Appl. 
HioZ. 18: 29<)-304. 1931. 

and Currie, ,1 F, : The susceptibility of cert.ain potato varieties to leaf roll and 

mosaic infection. Ann. Appl. Btol. 18: 508+520. 1931. 

IMPORTANT VIRUS DISEASES^ 

Abacft or Manila hemp {Bunchy Oufemia, G. O. The bunchy top of abaca and 

its control. Phihpp 20 : 32S-340. 1931 (See also Banana.) 

Abutilon {Infectious chlorosis). — (Sec hnc'f consideration, p. 2163 ) 

Alfalfa {Dwarf ). — Weimer, J. L.: Alfalfa dwarf, a hitherto .mr(‘ported disease. 

PhyiojHiih. 21 ; 71 75. 1931. (See Legumes and Tobacco (Ring spot).) 

Alfalfa {Mosaic),- Weimer, J. L.: Alfalfa mosaic. Abst. m Phytoimth. 21: 122-123. 
1931. 

Alfalfa (Yellow top). ~ Granovsky, A, A.: Alfalfa yellow top and leaf hoppers. Jour. 

Econ. Entom. 21: 26)1-266. 1928. Empoasca fahoi recorded as the vector. 

Amaryllis {Mosaic).- (See llippeastnmi.) 

Anemone (.4//omp/i^////).-— Klehahn, If ; Experiinen telle und cytologische Unter- 
suchunge7i an Anoioj)hyllie, usw. Planta Arch. \Vis.sen.Hch. Boi. 6: 40-95. 1928. 

Anthuriam (Mosaic ). — Transmitted by maceration and rubbing to MonstcTa, Philo- 
dendron and Zantedschia species ami to Datura .stramonium. Verplancke, G.: 
Une mahulie li vints fiUrant dej^ Anthurium. Comptes Rend. Soc. Biol. 103: 
• 524-52t^. 1930. 

1 This list has beim compiled by the author and Dr. Gfaver Burnett, Research 
Assistant in Plant Pathology. 
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Apple (Mosaic ). — Orton, C. R. and Wood, J. I.: In U. S. Dept. Agr. Plant Disease 
Rep. Supp. 38 : 82. 1924. 

Aster (Yelloy^a). — Kunkbl, L. 0.: Studies on aster yellows. Amer. Jour. Boi. 18: 
646-705. 1926. Sevbkin, H.: Yellow disease of celery, lettuce and other plants 

transmitted by Cicadula sexnotata. HUgardia 8: 543-570. 1929. Kunkel, 

L. 0.: Studies on aster yellows in some new host plants. Conir, Boyce Thompson 
Inst. Plant Rea. 3: 83-123. 1931. The disease has been transmitted by the 

leaf hopper (Cicadula sexnotata) to more than 120 si)ecie8 in 30 different families. 
O'lery, hdtuce, carrot and parsley yellows are the same as aster yellows (trans- 
mission to celery not obtained by Kunkel, 1931). 

Avocado (*S'un blotch). — This is thoug ht to be an infectious chlorosis. Horne, W. T. 
AND Parker, E. R.: The avocado disease called sun blotch. Pftylopath. 21: 
235-238. 1931. 

Banana [Hutichy top).- Ooddard, E. J.: Bimchy top in bananas. Queensland Agr. 
Jour. 24: 424r 429. 1925. Maoee, C. J. P.: Investigation on the bimchy-top 

disease of the banana. Hul. Counc. Set. Irui. Res Austr. 30: 1-64. 1927. 

IIoTsoN, ,1. C. and Park, M. Investigation of the buneh 3 '-top disease of plan- 
tamh in Ceylon. Troy. Agr. (C eylon) 76: 127* 140. 1930. 

Banana (TnfecHotis chlorosis) — MaciEK, C. J.: A now vims dis(-jase of bananas, Agr. 
(iaz A S. Wales. 41: 929. 1930 

Bean [Curhi Carsner, E.: 8upceptibility of the bean to the vims of the .-iiigar- 

beet curly top Jour. Agr. Res. 33: 345-348. 1926. 

Bean (A/e.s«tr) -Pierce, W. H and flirNOERFORD, C. W.: Symptomology, trans- 
injs,«]on. infection and control of bean mosaic in Idaho. Ida. Agr. Exp. Sta. Res. 
BhI 7: 1- 37 1929. Fajardo, T. Cm.- Studies on the properties of the bean- 

mosaic virus Phytopath. 20: H8,VS8H. 1930. Nelson, Ray: Invtjstigations 
in mosaic disease of V»ean (Phaaeolus vulgaris). Mich. Agr. Exp. Tech. Bui. 118: 
1-71. 1032. 

Bean, Adzuki (Mosaic). - Matsumoto, T.: Some experiments with Adzuki bean 
niOH.'uc 12 : 295-297. 1922 

Beet (('url di.sens(} — WiLLiE, J.: Die durch die Riibenblatterwanze erzeugte Krausel- 
krankheit der Ruben. Arb. Biol. Rnchnnsl. Land- u, Forsiir. 16: 11,5-167. 
1928 J)i(‘ Hubcublattwanze Piesma queuiratn. Monogr. zum Pflanzenschutz 

2: I ink 1929 Julius Spring^’', Berlin. (Sf'<‘ also Spinach (Curl Diseased) 
l)is(*a.sc* from curly top. The leaf bug (Piesma quadrata) is the vector. 

Beet (Curly top) (See special treatment ) 

Beet (Mosaic) On garden lieets, sugar heeds and spinach. Bomno, K. and Schafk- 
MT, E • Dh' Mosaikkranklicit der Kiibc Forsch. (iebiet Pfianzenl'r u. Immun. 
PJianzenr. 3: 81-128. 1927. Jones, L. K.; The mosaic dis(‘as(‘ of beets.. 

Wash. Ayr. E.rp. f'-ita. Bui. 250: 1 13. (See also Spinach ) 

Blackberry {Dwarf) Affects loganlx'rry, IdR'iionienal, CJorv’s Thornless and Kitti- 
tnny l)lft<*kberr>\ Zeller, S M.: Dwarf of blaekbelTn'^ Phy!7>jHith. 17: 
(i29 (U8 1927 

Black locust (Brooming disease). Hauti.e^, and IIaa‘>%IKj W.: BrfHumng 
di.s<‘ase of black locust. Phyto/iath 19: 162 UMi H129 
Burning bush (Euonymu^ .spp ). (See infectious chlorosis, p 2t)3 } 

Cabbage (A/o.sair). (See Crucifer (Mo.saic) ) 

Cacao (Roncet)r Cifehhi, R.: Phytopathological survey of Santo Domingo. Jmir. 
Dept. Agr. Porto Rico 14: 5-“44. 1930. 

Carrot ( YdfoiCM).— Severin, H : Carrot amf parsley yellows transmitteil by the rix- 
spotUid leaf hopper (CicadvUa aexnotala). Phyiopath, 80: G80-921. 1930. 

(See also Aster (fellows).) 
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CasMTA (Mosaic), — Mullbr, H. R. A.: MoEaiekziekte bij (‘assave. Inst, Plantenz. 
Alg. Proefat, Landb. Buitem, Bui. 24: 1-17. 1931. 

Colecy (Mosaic).— Poohiif R. F: Celery mosaic. Phytopath. 12: 15\-154. 1922. 

(See Commelina.) 

Celery (Yellows). — (Set» Aster (Yellows).) 

Cherry (Buckskin) - Rawlins, T. E. and Horne, W. T.: '‘Buckskin, ' a j^raft- 
infectious disease of the cherry. Phytopath. 21: 331-335. 1931. 

Chrysanthemum (Yellows).- -Nelson, R.: Chrysanthemum yellows, a new diw'Hse 
in the greenhouse. Quart. Bui. Mich. Agr. Exp. Sta. 7 : 157-160. 1925. 

Clover (Mosaic). — Elliott, J. A.: A mosaic of sweet and red clovers. Phyloitath. 
11:146-148. 1921. (See also Legumes.) 

Clover (Yclhws ). — (See Alfalfa > 

Coffee (Phloem necrosis). — Stahel, G. and BOnzli: Nieuvo onderzoekmgen over dr 
zcefvatenziekte van de Koffie in Sunname Indischc Merc\^UT 1930 : 1-12. 1930 

Commelina (Mosaic). — Doolittle, S. P.: Commelina nudifloray a monocotyledonou*^ 
host of celery mosaic. Phytopatk. 21: 114. 1931. Probably identical with 

cucumber mosaic. 

Coreopsis (Yellows) — (See Aster (Yellows).) 

Com (Mosaic or stnpe). — Stahl, C. F : Com stripe disease of Cuba not identical 
with cane mosaic. Trop. Plant Res. Found. Bui 7 : 1-12. 1927. The diseiuse is 

transmittjcd by the com leaf hopper (Pereginus maidis). 

Com (Streak or variegation). — Storey, H. H.: Streak disease, an infectious chlorosis 
of sugar cane, not identical with mosaic. Imp. Bot Conf 1924: 132 144. 1925 

. The trarvsnuasion v)f streak disease of maize by the leafhoppe. Balclulfho 

mbila Ann. Appl Ihol 12: 422-439. 1925 Also Ann. App Biol 16: 1 25 

1928. The orlv successful inetliod of transmission is by the leaf hoppiT B\ tnbtla 

Com (Sugar-cane mosaic).- -Rrandeb, E. ’W.* Mosaic disease of corn. Join Agr 
Res. 19: 517-52L 1920 Stonfbekg, H . Th( productiveness of corn as 

influenced by the mosaic disi'asc U S Dept Agr. Tech. Bui 10. 1-18 
Aphis maydis is an important vector. 

Cosmos (Yellows). — (See Aster (Yellows) ) 

Cotton (Acromania or crazy top). — Cook, O K . Acroinania or “crazv top," a growth 
disorder of cotton. Jour Agr Res. 28: S03-S2h 1921 Ki\<}, C J and 

Loomis, H. h\: Factors influencing the crazy-tc»i) disorder of cotton C S, Dept 
Agr Bui. 1484: 1-21. 1927 Sympttmu of this diM'ase Mhah has not :»et bei n 

proved to be of a vims character are compared to braehysm, tomoMs, IinIhisis, 
cyrtosis and stenosis. 

Cotton (Leaf curl ). — Jones, G 11 and Mason, T (i * On tw(> nb^iuic di^^easi^s o) 
cotton. Ann. Bot. 40: 7,59-772 1926. Transmitted hv grafting and })\ an 

unidentified species of white fly ( Aieurodida*) . GoIiIuno, 1* I) A \(H tor nt 
leaf curl of cotton m southern Nigeria. Empire Cotton iiTouinq Her 7: 120 12t) 

1930. * 

Cotton (Stenosis or smalhng) Cook, O F.: Malformation of cotton plant® in Haiti. 
Jour. Hered. 14: 323- 335, 1923, 

^ Cowpea (Jlfoaflic).— Smith, C. E.: Transmissi >ii of cowjiea mosaic hy the bean leaf 
beetle (Ceratoma tnjurcata) Science 60: 20S 1924 The bean leaf beetle is 

reported as a definite and effective vector 

Cranberry (False blossom). Dubrobcky, I D.* Studies on cranberry faIse-b)os.som 
disease and its insect vector. Contr Boyce Thompson Inst. Plant Res. 3: 59 83. 

1931. The vector is the blunt-noadH leaf-hopper (Euscelis stimlulus) 

Crocus (Mosaic) (See Hyacirilh (Mosaic) ) 

Cnicffers (Mosaic). Cia\ton, E E.; A htud\ ul tlu inosHic disease of erueifars 
our. . gr. tes. 40 : 263 270 1930. Affects turnios. rutabagas. Brussels 
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sprouts, cauliflower, mustard, rape and Chinest^ cabbage, but cabbage is highly 
resistairt or immune. 

Cucumber (ilosaic). — Various phases of the disease have suggested the common 
names of mottled-leaf mosaic, wart disease, nubbin and white pickle. Doolittue, 
S. P,: The mosaic disease of Cucurbits. U. S. De/pi, Agr. Bui, 879: 1-69. 3920. 

AND Walker, M. N.: Further studies on overwintering and dissemination 

of cucurbit mosaic. Tour, Agr. Res. 31: 1-58. 1925. Walkbr, M. N.: A com- 

parative study of tlic mosaic disease.s of cucumber, tomato and Physalis. PhyiO- 
path 16: 431-458. J92<), IIoggan, 1. A.: The peach aphid (Afyzus persioB 

Sulz.) as an agent in cirus transmission. PhytopcUh. 19: 109-123. 1929. 

Porter, H. H.; A new mosaic disease of cucumber. Phytopatk, 20: 113. 1930. 

All cucurbits ('xcept the Chinest* Long eueumber and watermelons are susceptible 
to ordinary or white pickk mosau*, but a new mosaic, the ‘‘Bettendorf,^’ infects 
the Chinese Long, watermelons and citron, tiu symptomology being different. 
Currant (Rei’ci'nioji nr neltlekewt) - \mo.s, ,1. and Hatton, R. G.: Reversion of black 

currants. 1. Jour. Poniol. J^ort. Sci. 6: Ui7- 183. 1927. and : 

Revel* '.on in Mack currants. 11. Jour. Pomol. flort. Sci. 6: 282-295. 1928. 

The vector appeai-s to lie the big bud inite {Eriophyes rtbts). 

Daffodil {Mamie j yellow stripe, or gmy dimase).- - Griffiths, D.: In Daffodils. U. S. 
Dept. Agr. Ctrr. 122: t)2-(*)3. 1930. 

Dahlia {Afnsaic arui dwarf or atunt). ChiT.DSTKiN, Bessie: The x-bodies in the cells 
of dahlia plants affected witti mosaic disease and dwarf. Bid. Torr. Bot. Club 
64 : isry 293. 1927. Bhandundeho, E. V.: Celier Mosaikkrankheitcn an Com- 

poHiteii. Formh. <Uhiet PJlanzfnkr. u. ImmuinltU Pflanzenr. 6: 39-72. 1928. 

Dodonaetf (Spike discat^f) -Sastui, B. X. and Nakay\na, N.: The spike-disease of 
Dodonrea viscom. Jour, I ml. Inst. Sci. 13A: \VJ 1,52. 3931. 

Egg plant (Mosaic). Bi-hgeu, O. F.: Rej)i)rt of the Plant Palhidogist. Fla. Agr, 
Exp. St a. Re pi. 1924. 84. 1925. 

Euonymus {fnficlious chlorosis). (See brief consideration, p. 2f>3.) 

Freesia (Ydlows'l).- IjONofoud, H. G.: A new disease of Freesia. Card. Chroji. 81: 
118. 1927. 

Geranium (Ciinkh mosaic). Pape, II.: In Krankheiteii und ScliaiMinge der Zier- 
pflanzen, pp. 27(V 271. Paul Parey, Berlin 1932. 

Gladiolus ( Mosaic ). Dosdall, L.: A mosaic diseasi* of gladiolus. Phi/foptith. 18: 
2L5 217 1928. 

Grape {Iao/ ndh Pnui, L.* SuIIr cause della aifiei larnento della vite. Roll. H 
SUiz. Pot. Veg. S S 9: 101 130. 1929. - : Suli’arneeiai lento della \ iti . 

Boll. H SNu. Pat. Vtg N. S. 11: 01 83. 1931. Thought to be ideal leal with 
roneet, court none and Jieisigkraiikheil. 

Grape (Mo.saic). Svtoi \k, J.: Ab'^. Rir. A pp. Myc. 6: 213. 1927. 

Grape hyacinth (Mosotc) (See ilyaciiit}i (Miisaic).) 

Hippeastrum ( Mo . mic ). IIoj.mes, F. ().. (biological stiuly of tin' mtr.acellul.'ir IkkIv 
charactensl ic t)l Ilipjx'astrum mo‘'aic. Bot.Ccu 36:50 58. 1928. 

Hop ( .Mosaic) S\LMo%, K. S.: Tlie ‘ mosaic” vliscasi of the ht)[>. Jour .Min. Agr. 

(it. Hrit. 29: 927 931. 1923. Bdattn^, (' : jii Rin. App Mgr 6: 092. 

1927. Tins autlior lists (he following iyp<‘s. auculia, ‘ >riuiit mosaic, motth-d 
mosaic, hereditary sterility, \ ellow-spot mosaic and hop curl (tin* last pos^iblv 
identical with mdt leli<’a<l). Salmon, E. S. and Ware, W. M.: Tin* mosaic 
disea.se of th(’ hop. 1. Ann. Appl, fiiol. 16: 312 351. 1928.* MacKenzie, D. 

ct aL: - -- . 11, Ann. A ppl. Pud. 16: 35(1 ,3Sl. 1929. 

Hop (Neitlehead). -Two iTirms are distinguished true and false. Duefteld, C A. 
W.: Nettlchead in hops. Ann. Appl. Biol. 12: 530 543. 1925. A disease* 

thought to be identical with “false nettlehcad” has lKN*n tlewTibed in Tasmania 
under the naifie of “takc^ll.” Aust. Jour. Exp. Biol. Med. Sci. 8 : 9-44. 1931 
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Horse been {Mosaic ), — Boning, K.: Die Mosaikkrankheit der Ackerbohne {Viiiia 
faba). Forseh, Gebiei Pftancenhr, u, ImmuntUU Pflanzenr, 4: 43-1 IJ! 1927. 
Hyactnih (Mosaic). — Atanaboff, D.: Mosaic disease of flower-bulb plants. Bui. 
Soc. Bot. Bulgaria 2 : 61-60. 1928. 

Iris (Mosaic), — Martin, G. H.: Plant Disease Rep. Supp. 73: 387. 1929. Sec also 

Atanaboff, D.: Loc. cit. 

Jackbean (Mosaic). — Uppax^ B. N.: A new virus disease of Dolichos biflorus. Intern. 
Bui. Plant Prot. 6 : 163. 1931. 

Legumes (Mosaic). — General for the family. Merkel, L.: Beitrag zur Kenntnis 
der Mosaikkrankheit der PapilionacecB. Zeitachr. Pflanzenkr. 39: 2S9-347. 
1929. 

Lettuce (Mosaic). — J agger, I. C.: A transmissible mosaic disease of lettuce. Jour. 
Agr. Rea. 30: 737-739. 1921. 

Lettuce (Kc/Iwc#).-- Known in New York as white heart or rabbit ear and in Texas 
as the Rio Grande disease. Caused by the virus of n.sler yellows. Severin, 
H. H. P.: Yellows disease of celery, lettuce and other plants, transmitted by 
Cicadula sexnoiata. HUgardiaZ'. 1929 

Lily (Mosaic). — Gutbrman, C. E. F.: Diseases of lilies. Yearbook Hort. Soc. N. Y. 
1980 : 51-102. 

Lily (Yellow flat or rosette). — Ogilvik, L.: A transmissible vims disease of the Easter 
lily. Ann. Appl. Biol. 16: 540-562. 1928. Gutekman, C. E. F.: Loc. ciL 

Confined mainly to L. longiflarum and its varieties. 

Lily of the valley (Mosaic). — Blattny, C.: Mosaika Konvalinky (Conmllaria mnjalr.s 
L.) Ochrana RosUin 2 : 19-21. 1929. 

Loganberry (Duarf). — (See Blackberry.) 

Marigold (Yellows). — (See Aster (Yellows).) 

Melon (MoHaic). — Doolittle, S. P.: The mosait* disease of melons and cucumhei 
Iowa Stale Hort. Soc. Rept. 67: 393-396. 1923. (Sf*(‘ also Cncuinbcr.) 

Mustard (Mosaic). — (See Crucifer (Mosaic).) 

Narcissus (Mosaic). — (See Hyacinth (Mosaic).) 

Nicotiana (Afosoic). — W alker, M, N.. Studies on the mosaic diseape of Nicotiana 
glutinosa. Phytopath. 15- 543-547. 1925. Not distinct from tobacco mosaic as 

previouply reported. 

Ocean spray (Witches' broom). — Zeller, H. M ; A witclu's’ brcM)m ot occ.-in spray 
(Holodiacus discolor), phytopath. 21; 923-92.5. 1931 

Okra (Mosaic). — Kulkabni, G, S.; Mosaic and other related disi'usi's in the I^)inbav 
Presidency. Poona Agr. CoU. Mag. 16: (>-12. 1924. 

Onion (YeUow dwarf)’ — Mblhus, 1. E. et al : A new virus disc‘HSe eindemie on onioms. 

Phytopath. 19: 73-77. 1929. 

Papsw,(CurZy leaf), — Loc. cit. (See Cacao.) 

Passion vine (Woodiness or bullet disease). — Noble, R .) : Woodines.** of passion fruit. 
Cause of the disensc discovered. Agr.Oaz New S<mlh Wales Z2: iSHX -tSKt. 1928. 

; Some observations on the wood ness or bullet disease of passion fniit. 

Jour. <fc Proc. Roy. Soc Neu^ South Wales 62; 79-98. 1928. 

Pea Doolittle, S P. and Jones, F R.: The mosaie in the garden pe^ and 

other legumes. Phytopath, 16: 7eiS-772. 1925. (S(k.‘ also Legumes.) 

Pea (Streak). * -Linford, M. B.: Streak, a virus disease of peas transmitted bv Thrips 
inbact. PhytojHith. 21 : 999. IfKll , 

Peach (LiiUe peach).— (See ap<*rial treatment, p. 273.) 

Peach (Phony dwea.se).— Neal, D. C : Phony peaches, a disease oeeurnng m mid lie 
Georgia, Phytopath. 10: 106-100. 1920. llirrc^HiNs, L. M.: Phony disease 

of the poach. Jour. Ecan. Efd. 28 : 556-562 19IW. 

Peach (Rosette). -(See special treatment, p, 270.) 
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Peach (Yeilt/wa ). — (See special treatment, p. 265.) 

Peanut (Mosaic or rosette). — Storey, H. H. and Bottomley, A. M.; The roaettc 
disease of peanuts (Arachis hypogcsa L.). Ann. AppL Biol. 16: 19S8. 

Pelargonium. — (See Geranium.) 

Peony (Mosaic). — Coulson, J. G.: Peony diseases. Ann. Rept. Quebee Soe. Prot. 

Plants 16 (1922-1923); 67 70. 1923. 

Peony (Ring spot). — Plant Dis. Rep. Supp. 73: 390. 1929. 

Pepper (Mosaic). — Blodgett, F. M.: A potato virus on peppers. Phytopath. 17. 
775-782. 1927. Uppal, B. N.; Mosaic disease of chillies (Capsicum, in the 

Bombay Presidency, Intern. Bui. Plant Protect. 3 : 99. 1929.^ (See also 
Tobacco (Mosaic); Beet (Curly top).) 

Pepper (Infeetwus chlorosis). — Ikkt^o, S.* Studien tiber einen eigenthUmlichen Fall 
der infektioseii Buntbliitlerigkeit bf‘i Capsicum annum. Planta Arch. Wise. 
11: 351^367. 1930. 

Petunia (Mosaic). — Allahd, H. A,; The mosaic disease of tomatoes and petunias 
PhijtoiKLth. 6: 328-335. 1916. 

Petunia (Ring spot) — (See tobacco (Ring spot).) 

Physalis (Mosaic). -(See Cucumber (Mosaic); also Bed (Curly top).) 

Pineapple (FcZZ^j'c spot). —1llin*» worth, J. F.; Yellow-spot disease of pineapples in 
Hawaii. Phytopath. 21: 867-880. 1931. Also Phyto/xith. 21: 999. 1931. 
Transmitted by Thrips tabaci. (See also Pea (Streak).) 

Plantain {Hunchy top). — (See Banana (Bunchy top).) 

Poinsettia (Leaf curl) — Pape, H.; Eine neue Krankheit der Poinsettie, Gartenw. 
31:'772-773. 1927. 

Pokeweed (Mosaic). — Allard, II. A.; The mosaic disease of Phytolacca decandra. 
Phytopath. 8:51-54. 1918. (See also Oicumber (Momie) and Tobacco (Ring 

spot), j 

Potato {Leaf roll). — (Sec special treatment, p. 301.) 

Potato' (Mosaic).— (See .special treatment, p. 286. For other virus diseases of potatc», 
s(v Potato Degem ration Diseases m General under Potato (Mosaic).) 

Radish (Mosaic). -On rat-tail radish, Raphanus satious caudatus. (See Kuleahni, 
G. S. under Okra.) 

Raspberry (Leaf curls and ynosaics). — Four varieties of leaf curls: (1) alpha type; (2) 
beta type; (3) severe streak; and (4) mild streak. Yellows is included under 
alpha and beta leaf curls. Eastern bluestem is included under severe and mild 
streak. Three types of mosaics: (1) red-ras/ berry mosaic; (2) yellow mosaic; 
and (3) mild mosaic BKN.vE'n’, C. W.: ViriLs diseases of raspberrie.s. Mich 
Agr. Exp. Sta. Tech. Bui. 80: 1-38. 1927, Rankin, W. II.; Virus diw^ases of 

black raspberries. New York {Geneva) Agr. Exp. Hia. Tech. Bid. 176: 1-24. 1931. 
Rhododendron (Mosait). — Pape, H,: Mosaikkrankheit bei Rhododendron. * Gartenw. 
36:621. 1931. ^ 

Rhubarb (Mosaic). -Dickson, B. T : Mo.saic of »lribarb. Ann. Rept. Quebec Soc. 
Prot . Plant s 17 : 3() - 37 . 1 925 . 

Rice (Stunt disease) — Takami. N : Stunt dis<*fiHe of rice ;ith1 NejdioietPi.r ni)icali.s M 
Jour .\{fr. Soc Jajmu 241: 22- 3t). BK)1. Hi no, 1 : Sogyti Oynbi Engti 2: 

1223-1331 1927. 

Rose (Infectious c/i/ornn.s). — Milbhath, D. G,; A di.scushion of the n'prrted infec- 
tious chloros’.s of the rose. Cal. Dept. Mo. Bui. 19: 535-.54 t 1930 
Rose (Will or dieback). — Grieve, B. J.; ‘Ro.'ae w'llt” and ‘‘dieback.” A*vini.s dis(‘a.<e 
of roses occurring % Australia. AnW. Jour. Exp, Biol. Med. Sci. 8: 107 121. 
1931. 

Salsify (lVtf#ucx).— Haskell, R. J. and AuOheh, \^^ A.: Salsify yellows, Plant Dis. 
Rep. IS: IS9-140. lf^J9. Probably similar to aster yellows. 
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Sandal {Spike diseate). — Coleman, L. C.: Spike disease of sandal. Mysore Dept, 
Agr. Mycol Ser Bui. 3 : 1-62. 1917. Hakt, W. C. and REN:iASWAMT, S.: 

Preliminary invetttigation into the cause and cure of the spike disease in sandal. 
Ind. For. 62 : 37ii-390. 1926. Conference on the spike disease of sandal, 

Bangalore, 1930. Ind. For. 67 : 216-233. 1931. 

Sisal hemp (Momic?).- -Staneu, P.: Belgian Congo: a new disease of Sisal. Intern. 
Bui. Plant. Prot. 3 : 179. 1929. 

Soy bean (Moi^aic). — Kendrick, J. B. and Gardner, M. W.: Soy-bean mosaic: seed 
transmission and eff»‘Ct on yield Joxir. Agr. Ueb. 27 : 91-98. 1924. 

Spinach or mosaic). — (See also Beet (Mosaic).) McClintock, J. A. and 

Smith, L. B.: The true nature tjf spinach hhght .and the relation of insects to its 
transmission. Jour. \gr. Res. 14k: I 60. 1918. Boning, K,: Ueber die wechscl- 

aeitige Uebertragbarkcit der Mosaikkraukheiten von Riibe und Spinat. 
Centralbl. Bakt. Ahi. JI. 71: 490- 497. 1927. Hoggan, I. A.: Transmission of 

cucumber mosaic to ppinucli. Phylopath. 20: 103-105. 1930. 

Spinach {Curl (hseasv)- K.: TJcber cine Blal tdeformationskrankheit an 

Rube und Spinal. Zeit.'^chr. Pflanzenkr. 40: 315-323 1930. (See also Beet) 

Squash {Curly fop).- McKw, M. B. \nd Dykstha, T. P.* Curly top of squash. 

Phytopath. 17: 48. 1927 See also Beet (Curly top),) 

Strawberry {Wiichcb' broom).- Zeller, S. M.: Preliminary study on witches’ broom 
of strawberry. Phgiopaih. 17: 329-335. 1927. 

Strawberry {Xanthosis). — Plakidas, A. G.: Strawberry xanthosivs, a new inseet- 
borne disease. Jour. Agr. Res. 36: 1057-1090 1927. 

Strawberry (Ke/Zoic.s).— (Manned to he distinct from xanthosis. Plakidas A. G.: 

Report on straw berry virus disease project. Plant Jhs. Rep. 13 : 1 29- 131 1 929. 

Sugar beet {Curly top and mosatc).— (See Beet.) 

Sugar cane {Fiji di.sease).— Lyon, H. L.: Three major cane diS(»asos mosaic, sercti 
and Kiji di^ja.se. Hawaii Sugar Planters' Assoc. Exp. Sta. Bui. Bot. StT. 3: 
1-43. 1921. Cell irlclusions were named Norlhiella sacrhari. Wood, E J. F.: 

Fiji dusease m the MarybomuKh di‘^trict. Qiaensl. Agr. Jour. 27: 388 393 
1927. The cane leafhopper, Perkinsiella sacchari, thought to be the veidor. 
Sugar cane {Mosaic, mottling or yellow-stripe disease). — Steven.son, J, A.: The motl ling 
or yellow -stripe disease of sugar cane. Jour. Porto Rico Dept. Agr. 2: 1 70 
1919. Eahlk, I'. vS., el al : Yellow -stupe dise.ase investigations. Jour Potto 
Rico Ihpt Agr. 3: 1-150. 1919. Branded, E. W. and Kl.vphaak, P. J 
CultiMitcd ind Wild lK»sts of* sugar-cam* or grHH.s mosaic. Jour Agr. Rts. 24: 
217 2()2. 1923. llAiL-.KcuiD, (’ G andMiuihw, P W. The* mt>s;iic (lis«‘asc of 

sugar cunc and its control in , Jamaica. Jamaica Dept Agr. Miciobtof Circ 6: 
1-39. 1926. IIeves, Cl. M : The mosaic disiasc ot ‘-ugar cane. Philippine 

Agr^Rrs. 20: 187-228. 1927. Tims, E. C. and J^moLiiTON, C. W.: Behavioi of 

mo.saic m certain sugar-cane varifties in Tjouisiana. Arn. Jour. Hot. 18: t>49 <>57 
1031. 

Sugar cane {Scrch disease). (See L^on, P. II . Lrw cil. under Fiji Diseav* ) Constan- 
tin, ,).* La cure d’altitude, son ('inploi et son (‘tficaeite en palliologie vegi^tah* 
Arm. S(i* Not. Hot. Ser. X, 9: 299-3t)4. 1927 -- . L'emploi des hybndes 

javanaivs d<‘ la cana a, sucre contia le sereh et la mosaiqiie. Rei. Hot. AppL 9: 
229-210. '929. 

Sugar cane {Streak) Sioufy, H 11 ; Streak disease of sugar •■ane. Union S. Afr. 

' Dept A^r. Sci Hut 39: 1-30 1925 and M<Lk^n, A P. D • The trans- 

mission of streak dnease betwefn maize, sugar eaiie a,nd wild grasses Ann. 
A p pi. Biol 17: 691-719 1930 (Sec (\»rn (Streak).) 

Sweet clover {Ring spot). - (See Tobacco (Ring spot).) 
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Sweet pea (Mosaic ), — Taubenhaus, J. J.: Mosaic aisease of the sweet pea. Dd- 
A^, E^p. Sla, Bvl. 106: 53-61. 1914. (See also Merkel, L. under Ltigumto.) 

Sweet potito (Mosaic ). — Rosen, H. R.: The mosaic disease of sweet potato, -drib. 

dj^r. Exp. Sta. Bui. 167 : 1-10. 1920. : The mosaic disease of sweet 

potatoes with special reference to its transmissibility. drA;. Agr. Exp. Sta. 
Bui. 213 : 1-16 1926. Harter, L. I. and Whitney, W. A,: Masking of sweet- 

potato mosaic. Phytopaik. 19: 933-942. 1929. 

Tobacco (Mosaic). — Various local names have beem used such as calico, brindle, 
mongrel, mottle top and string leaf for different manifestations of the symptoms. 
The following types of the mosaic vims have been recogniziMl (Johnson, E. M., 
1930): mild mosaic, types 1 and 2; severe mosaic, types 1 and 2; >^llow mosaic; 
ring mosaic; and white mosaic. Allard, H. A.: Mosaic disease of tobacco. U. 
S. Dept. Agr. Bui. 40: 1-33. 1914 Goldstein, HEsbie: A cytological study of 

the leaves and growing points of healthy and mosaic diseased tobacco plants 
Bvl. Torr. Hot. Clyh 63: 499^-599. 1926. Johnson, James: The classification of 

plant viruses . Wis. Agr. Exp. Sta. lies. \-\b. 1927. Johnson, E. M.: 

Viius diseases of tobacco in Kentucky. Kent. Agr Exp. Sta. Bui. 306 : 289-415. 

1930. 

Tobacco (Ring spot). — Winoard, S. A.: Hosls and symptoms of ring spot, a virus 
disease of plants. Jour Agr. Res. 37: 127-153. 192S. Infectioi. Iuin been 

obtained on 3H genera of plants representing 17 families. Henderson, R. (i.' 
TrausmisRion of tobacco ring spot by seed of petunia. Phyiojtoth 21: 22.'V 229. 

1931. 

Tobacco. -In addition to the tme mosaics and ring spot, the rollowing have been 
nM'ogmzod on tobaeoo: Etch; etch -f ; severe etch; vein bandin^;: co.'irs<- etch; 
cucumber tj'pes 1, 2 and 3; latent (healthy) potak» vinis; sjHd uecro is and other 
inixtur<‘s. See Johnson, E. Valleau, W. D and John^o.n, E. M . 

The n'lniion of some tobacep vimsea to jif'tato degeneration. Kent. Agr. Exp. 
Sia Rul. 309: 475-507. 1930. (See also Burnett, G. and Jones, L. K. under 

Tomato (Streak).) 

Tobacco (Curl). — Boning, K.: Zur Aetiologie der Streifen-und Ivrauselkrankheit 
des Tabaks. Zeitschr. PaTasitenlcumie Z'. . 1931. 

Tobacco (RotUTflani-B dt*ieasf).~ -Joi'hems. S C. J.: Handloidiug voor di herki'iiniug 
on bestnjding v.an de ziekten van DelbTabuk. Meded, Ihh Prorfsia. 1i .Muian- 
Sumatra. Ser. II. 43: 1 ~3i). 1926. 

Tobacco (Vnn streak).- -Jochem.‘‘, S. O J : Twf‘ neuwe viniszn kteii bij i>oIi-TabaL. 
Bull. Deli Proefsiat. te Medaii-Sumatra 30; 1-21. 1930 IWibly same as 

Streifenkrankheit (BOning, K Js)C. cit.). 

Tobacco (Wiicfics' broom),- -Y o\jn(j P. A.: Tobacco witches’ brrxun. Am. Jour. 
Bot. 16: 277-279. 1929. 

Tomato (Aucuba mosaic). Bewle\ , W, F. and Bolar, R. J : Aucuba or yellbw mosaic 
of the tomato plant, reaction of iiiicctcd juice. Nature 126: 13«h 1930. 

Tomato (Thbacco wawaic).— A i.laud, II. A.: T^v mosaii* di.s<*MKe of tomatoes and 
petunias. Phyioj^ath 6: 328-335. 1916. OaiIdner, M. W. and KENDUirK. 

J. B.: Tomato mosaic. 1ml. Agr. Exp. Sta. But. 261: 1-24. 1922. Johnson, 

E. M.: Loc, cit. Burnett, G. and Ioner, L. K.-. L<tc. nt. 

Tomato. — In addition to the true mosaic's, the tomato is susceptible to the other 
tobacco viruses except ring spot. Johnson, E. M.: Loc. cit. Burnett, G. and 
JoNE.s, L. K.: Lac. cit. 

Tomato (*StreaA:).-- Vanterpool, T. <3.: The stripe or streak disease' tomabM^ in 
Quebec. Ann. R9pt Quebec Soc. Prot. Plants 16: lltV-123. 1924. Valleau, 

W. D AND JciiiNsoN, E M.: Some iK>ssible,cn uses of streak 111 tomaloe^ Pftuh*- 
path 20: h:H-S 39. ItkK). Burnett, (k and .(ones, L. K.; The effect of c'c'ruutv 
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potato and tobacco viruses on tomato plants. Wash, Agr, Exp, Sta, Bui. 269: 
I 37. 1931. 

Tomato {Fem ieo/).— Mogent^orff, N.: **Fem leaf” of tomato. PJcutopaXh. 20: 
‘25-46. 1930. 'I'his disease is caused hy'^Cucu't.Jber mru9 I and is readily trans- 

mJitea by the peach aphid {Myzus pernccs). 

Tomato (Leaf roily- Dykstha, T. P.: Ijcaf-roll iriinsmission from potato to oth(*r 
solanactKiiifci plants by means of Myzus perntca Phytopath. 20: 883. 1930. 

Tomato {Psyllid — Binkley, A. M.: Transmission studies with the new 

]jsyllid->eilo^s dijcas*- of stdanaceous plants. Science, n. s., 70: 115. 1929 

(Sec also Potato ) 

Tomato (Spotted unit,.— Sami *\l, O.. Bald. J, G. and PrrxMAN, 11. A.: Investifi^ations 
on '' 2 *potted wilt ” ot Unnatoea. Council Set Iml. Res. Austr, BuL 44: 1-48. 
1930. Recorded al-wi in Wisconsin. Phylopath. 21: 106. 1931. 

Tomato (Wesiem blight, ijdiows or early fopl.— S everin, H. II. P.: Transmission of 
tomato yiMlowa or curly top of the sugar liect by Futetiiideneilm Baker, //rf- 
gardin 3: 251-274 192^. Shapovalov, M * FoepenmonU uii the control of 

tomato yellows. V. S. Depi. Agr.^eck But. 189: 1-23. 1930. First definitely 

connected with curi^ Top by McKa}' and Dykstra {Phytopath. 17: 39 1927). 

Tomato (Witche'i'. brmm) ~ Young, P. A. and Mukris, II. E.: Witches' broom of 
potatoes nnO tomatoes. Jour Agr. Res 36: 835-854 1928. 

•Tulip (Breaking) — Gayu-.t. D. M.‘ *' Breaking” in tulips. Ann. Appl. Biol. Iff. 
529-539. 1928. A. W. M : Aphids as vectors of ‘'breahinpr ’ of tulips. 

• Ann. Appl. Biol 18 i6-'29. 1931. 

Turnip {Mosaic} —Cj ARDS M W. and Kendtu< J. B, : Turnip moshic. Jour, 
Agr. R*s. 22: 123-121 IC21 (See also Cruciiers ) 

Wheat (Mosa*,'' or rosette} - -(See special treatment, p 277 ^ 
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PARASITIC DISEASES 
CHAPITER XIII 

BACTERIAL DISEASES OF PLANTS 

Previous to 1878 the occurrence of bacterial diseases of plants had not 
been demonstiated, although bacteria had already been accepted as 
importMnt pathogenes for man and domestic animals Our knowledge of 
bacterial diseases of plants is therefore the result of studies made within 
the last 45 years, but the most rapid advancement has been made during 
the last 20 years 

Early Knowledge of Bacterial DiReaaea of Plants. — It is significant that the minds 
ol iTivestigatcire u\ widely separated parts of the world were turned to the possibility of 
haclenul mvaHioii of plants, as evidenced by the proof of the occurrence of baCtonkl 
(iiseascN of plants nearly sirnultaneousb m Amcnca, France and Holland This 
histones J feature may be shown m the following tabulation. 


Name of disease. 

Host 

1 1 

Investi- 

gator 

Years of 
work 

Country 

Fire blight 

Peai and* apple 1 

1 Bup-ill 

1878-1883 

nimow, U. S. A. 

llose-red (lisease 

Wheat kernels I 

1 Pnlheux 

1879 

France 

'i'ollow' disease 

Hyacinths ' 

' Wakker 

1883-1889 

Netherlands 


It IS also \corthv of note that Comes in Italy i 1880 rcK^ogniscd the pathogenicity 
of bacteria for plants, although less specific aiseases were described It is interesting 
to note that Woroiim discovered bacteria iii the root tubercles of legumes (lupipes) 
in 1806 12 years previous to the irnjiortant \"ork of Burrill Notwithstanding these 
earb' proofs of specific bacterial diseases, workers, espemlh m Germany, were slow to 
.iciept the findings of their contemporaries Sorauer, the noted German plant 
pathologist, accept* n the findings of Wakker as a'W as 1^86. As late as 18^, the 
oinineiit Gorman bacteriologist, Dr Alfred Fischoi, denied the occurrence of qpo<‘ific 
bacteiial diseases of plants He argucd*t hat "bacteria couFd enter a plaht onK through 
wounds and that their development would soon be checked by the formation of ait 
*‘xcludipg cork layer; further that stomata! infertiOTi was altogether impossible His 
claims were again put forward 2 years later and they were also supported by Wehmer, 
another German scientist. The olamis of these Germans called forth a cntical discus^ 
Sion of the evidence in support of bactcnal diseases of plants bv Dr Erwin F Smith, of 
the U S Department Sf Agnculture in 1899 and in 1901 Since that time no worker 
has appeared to dispute lljc importance of bacteria ^ plant pathogenes, and the 
number of siienfic bacienal diseases known to Acience hks rapidly increased The 
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publication by Smith of the first volume of ‘'Bacteria in Relation to Plant Diseases 
in 1905,” with the later volumes of this monumental work, served as a stimulus to the 
investigations that have followed. 

The Number of Bacterial Diseases of Plants. — In 1896 Smith stated that ' there 
are m all probability as many bacterial disea««*s of plants as of animals.” In 1920 the 
same authority reportcnl the occurrence of specific diseases on hosts scattered through 
more than 150 gen<*ra and over 60 families These include three diseases of Gyinno- 
Hperms, 23 of Monocots, with the balance m the vanous Dicot families from the willows 
to the Composites Many of the hosts are important cultivated plants or wild plants 
of economic importance. According to the opinion of Smith, “It appears likely that 
eventually b&ctenal diseases will be found m eveiy family of plants from the lowest to 
the highest ” Each year sinc^the publication of the statements quoted has witnessed 
numerous additions to the lopg list of recognized bacterial disc isos of plants In the 
recent “Manual of DeUTininativc Bactenologv ’ (Bergey, 1930) the plant pathogeiies 
are placed in two genera, Erwinia with 12 spinnes and Phvtoinonas with 81 species 
This docs not represent the full number of bacterial plant jvithogcnes, sines* many 
others have be<*n desenbed Elliott (1930) gives descriptions of 13 Ajilanobncter, 53 
Bacillus, and 111 Bacterium 

The General Morphology of the Bacteria. Those miiinfe organisms 
are probably Ihe simplest of our nomehlorophyll-U^anrig plants and 
include a large iiuiuImt of distinct siKHues which can be recognized partly 
on the basis of structural characters and partly from then physiological 
or cultural characters Mode of hie ha^ had but litde effect on Iheir 
structural characters, tlie plant bofh Ixang essentially tin* s-tine, wbothtT 
they live as .-'CjutuiLU is on d(‘ad refuse or ins>ri;.niu food maioiiais or adtfpt 
the role of robber*- and li\e at the expense of othei ojgjni-j*i-, [iLint ot 
animal, a^ parasites 

The plant bodv in its simplest foim ir tbr inu* hacten.i fl]ubact(ui- 
ales), somi times callevl the Iowa bofinui, consists of a vSingle cell, which 
can lie assigned to one of three general type--: (1) globulai oi spherical 
forms, th(‘ conus type, (2i short to long cvlindiical or rod-shape<l, thf 
bacillus iype; and i3) the short or long, spn-al, cvlindrital lorrn'', the 
spirillum type The cells of the diffeiont types may U* held together as 
pairs, chains, long or short filaments, long spirals or, in the coccus forms, as 
packets or cell masses, but in every case the single cell is to be considered 
as the individual, and tin* various groupings as aggregates of indit iduals 
Under certain conditions irregular or branched forms may be assumed 
The bacteria vary in size from coccus form.s 0.15 lo 1 micron in diameter' 
to bacillus or spirillum forms 0.3 to 3 microns in diameter and 1 to 6 
or more microns in length. 

Each cell is siinounded by a definite cell wall or membrane, which 
ifl nitrogeiioiis in chemical character, rather than a carbon comijound 
(cellulose of fungi and higher plants). It is a common thing for the wall 
to underge^ a mucilaginous modification, hence groups of bacteria are 
viscid or slimy and may be held together as sheathed filaments, irregular 
masses or thin, scum-like sheets. The living substance, the protoplasm, 
shows but little differentiation. Certain species of bacteria are always 
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inactive or incapable of locomotion, while others under certain conditions 
are able t^ swim actively through a liquid medium, or have the power of 



Fig 86 — DiaKrain illufltrriuiig thp morpholojcy of the true bacteria A, eoccua forxnti 
U baf«Mu« loima C apmllum forms, />, types of spore formation 


iotofiiotion This motility is the result of the lashing mo\ements of 
delicate vibratile threads^ the varying in number and distribution. 



Fiq. 87. — Poured-plate isolation showing eoioniea of bacteria obtained from a bacterial 

blight of Antwerp rftspberries. 


Reproduction is Ijy simple fission or cell division, hence the common 
name, the Jist^ion fungi. This habit also suggested the scientific name, 
the Schizoinycetes, which comes from (ireek words meaning splitting 
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fungi. Under suitable conditions for growth a separation of a single cell 
into two will be completed in 20 to 30 minutes, but thiB.r^te of multiplica- 
tion is not kept up for long periods because of the operation of various 
unfavorable factors Certain species of bacteria are able to form special- 
ized reproductive bodies or spores. The most general form, the endospore, 
is formed by the contraction and the concentration of the protoplasmic 
body, which assumes a globular or oval form and surrounds itself with a 
firm, Solid membrane, while the old surrounding cell membrane will 
ultimately disappear I.^hpis desenbes four other types of reproductive 
bodies. The endospores are much more resistant to desiccation, heat or 

other unfavorable factors than the 
vegetative cellb, and under suitable 
conditions will germinate and produce 
new vegetative cells Mone of our 
pli).nt pathogenes are known to produce 
endospores 

I'^he plant pathologist is interested 
in one of the groups of the higher 
bacteria, the Actinomycetales In 
this grdup the plant body is filamen- 
tous, often branched and quite 
fungub-like in character, and sometimes 
reproduces b> means of siiecialized 
spores or conidia. Some aulhonties 
refer these “ organisms to the simple 
A, frown-gall V)ttotpria, B, bacteria of imperfect fungi, the, Hyphomvceles, 
ba’^terir' rather than to the Schizomyrtes 

The other groups of bacteria with 
which the plant pathologist is not concerned are prescirted in the ftdlowing 
outline of classification 

Classification of Bai^teria in General and of Bacterial Plant Patho- 
genes.— According to the recent classification by the (\)iiimiUee of tlie 
Society of American Bacteriologists (liergey’s Manual, 19301, the 

Schizorrfycetes or bacteria are arranged m the following si\ orders 



Order I 
Order 11 
Ordei in 
Order IV 
Order V 
Order VI 


Eubacleriales, the true bacteria 
Actinomycetale«, the mold-like bacteria 
Chlamydobacteriales, the alga-like iron bacteria 
Thiobactcttales, the alga-like sulphur bacteria 
Myxobacteriales, the myxobactena 
Spiroelnrtales, thf^protozoan-like bacteria or Spirochictes 


The forms that are of phytopathologici^l Import ince belong, for the 
moat part, tc the family of the Baeteriaeea' of the true bacteria, while the 
gcntls Actinomyces of the Act immycet ales furni.shes at least one plant 



BACTERIAL DIRE ARES OF PLANTS 


327 


pathogene^ Actinomyces scabies, the cause of the common scab of the 
Irish potiito 

It seems strange that coccus and spirillum forms ot the true bacteria 
are of little or no importance as plant pathogenes, and that even among 
the rod forms none of the spore formers his para'^iti7ed plants For 
some years plant pathol(»gists general!} accepted the classihcation of 
Migula, but Smith made a-departure from thi^ by substituting Bacterium 
for Bseudomonas and estabhshing a new generic name, Aplanobacter, for 
the non-motile forms refened to Baetenum by Migula, whiJp a greater 
change has been made hy ^he Committee oi the Rociet> of Arnencan 
BartenoJogibts These three different il ossifications now appearing in 
current Amenenn literature rnav be the cause oj some confusion In 
order to make them plain as they apply to plant pathogenes, they are* 
presented in the following tabular comparison 



It could not t>e exiK^cted mat such simple forms as the bacteria could 
be assigned to sp(*eies on the basis of morphological ( ha racters' alone 
The} must Ik* sfiH further differentia ed b\ their cultural characters on 
vanouh artificial media, by their physiological bthavior and b}" their 
pathog(*nicity For this reason the student of plant pa1holog\ who 
would make real piogres*- in ihe study of bacterial di^ea^es of plants 
must be well grounded in the fundamental" of b ict^riological technique 

Types of Bacterial Diseases. Three of bictenal disease may 

tie recognized 

1 Vn^fular are characteii/ed by pn u \r\ invasions of the 

water-conducting vessels of the hbrovasoul ir bundle" hy Ijie bacterial 
pathogem In diseases ot this |\|m' tlu w *ter-conducting \essels may 
become so filled with the birtena tlnit waKr can ru longer b( supplied to 
the foliage and the plant wills rather sucldenh This is well illustrated 
the vuU of cucurbits diu to Hanllu^ inuJniphdu^ F F If stems 
of such affected plants are cut across, a white, \uscid, bacterial oozi* will 
appear from the ends of the xylcm portions of the vast ular bundles The 
browh rot {Pseudomonas s(}la7}n<earum), which affects the potato, eggplant, 
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tomato, tobacco and other species of the nightshade family in the south- 
eastern United States, is a parenchymovascular disease of grejit impor- 
tance. In this disease the invaded vessels are stained brown or black find 
sudden wilting results, but the pathogene invades adjacent tissues of 
parenchymatous character and causes the destruction of pith and cortex 
with the formation of bacterial cavities. The black rot {P, campestris) of 
the cabbage, cauliflower and other members of the mustard family is a 
vascular disease in which wilting is a less evident symptom than in many 
other vascular invasions. The primary invasion is through the vessels 
of the leaf veins, whi *'1 are turned brown as the bacteria advance down- 
ward and inward. In this way the bacteria may reach the center of a 
cabbage head and spread to adjacent portions, and finally an ofTensive- 
smclling, soft rot may result from the action of secondary invaders of a 
saprophytic nature. 

2, Parenchyma diseases ai-e troubles in which the pathogene invades 
the soft or succulent parenchyma tissues of the host, as a primary feature, 



Fia 89 -Bacterial leaf spot of the eornmoii barberry. 


but may sometimes break into adjacent vascular elements. In such 
case tiiere is a necrosis of tissue without hyperplasia, and a spotting, blight- 
ing or rotting of the iffected parts is the final result '>^he fire blight of 
the apple and t>ear is an outstanding illustration of a disease of this 
type The soft rot {Bacillus caiotovoras Jones) of carrots and many 
other fleshy roots, sv ms, rhizomes or fruits is a rapid, soft and wet rot 
of parenchvma tissues lhal are filled with reserve fo()d. The blackleg, 
* basal stem rot or bacterial black rot of the potato is a parenchyma disease 
in which the^bacteria invade the cortex of the basal portion of the stem, 
producing the blackened and shriveled stem bases which suggest the 
common name, blackleg. T.he bacteria often infect the tubers and 
tsause a black rot or decay. The’angular leaf spot (Pseudomonas malva- 
cearum Smith) is an fllustration of a somewhat different type of paren- 
chyma disease, which first appears on the leaves as water-soaked spots, 
which finally turn to brown, angular areas. It affects the stem also, 
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producing the black arm’^ or gummosis and the capsule causing a ‘‘boll 
rot.” 

3. Hyperplastic diseases are characterized by tubercle, turn or or gall 
formation or by the development of additional organs (shoots or roots) 
from adventitious, dormant or latent buds. In diseases of this type the 
bacteria stimulate certain cells to increased activity and as a result of 
this abnormal cell division the structures noted above are developed. 
The well-known crown gall (P. tinn^faciens Smith and Townsend) of 
fruit trees, shade trees and many other plants is a striking illustration 
of a hyperplastic overgrowth which may develop on various organs. 
The hairy root of the apple and other trees due to P. rhizogenes Hiker 
et qL illustrates another type of overgrowth which is characterized 
by the production of an excessive number of small fibrous roots, generally 
withouT tumor or gall formation. Mention may also be made of the 
olive knot or tubercle (P. savastanoi Smith), which appears as irregular 
knots or excrescences of a spongy or cheesy character* on aerial parts, 
especially on tnmk or branches. 

How Bacteria Invade Their Hosts.- The external surface of the plant 
iKidy of seed plunts is covered in large part by an epidermis with an 
external cuticle or also with cuticularized external walls, or by a more 
imp('rv>oua layer of cork cells, the periderm. Some parasitic fungi are 
able to make their way through such unbroken epidermal walls, but 
pathogenic bacteria geein unable to penetrate cuticularized walls or layers 
of cork cells. This leaves wounds, natural of)enings or surfaces unpro- 
tected by an external cuticle as the possible avenues of entrance. 

\, .Entrance through Wounds. — It was at first thought that bacteria 
could ^nter. plants in no other way than through wounds, t)ut today this 
wa> of infection is knowm to be but one of several of considerable impor- 
tance. Mechanical injuries of various kinds which bruise or break the 
tissue subject the injun^d organs to irivu'ion by wound parasites. The 
cell sap and tliQ protoplasmic contents fri/in the injured cells offer a food 
or culture medium in which bacteria may Ix* lodged and in which they can 
make their initial development. By repeated fission a mass consisting of 
many bacteria may result and adjacent uninjured cells may be Jiffected 
as the bacteria wTirk them way into the deeper tissues. A few" specific 
examples will suffice to emphasize the entrance of bacteria through 
wounds. It has frequently been observed that the olive-knot organism 
gains entrance to twigs through hail bruises; wounds made irf grafting or 
budding constitute an important place of infection for the crown-gall 
bacteria, and such w"oiinds wdll explain the common occurrence of crown- 
gall tumors at a point just below" the groPmd level in many fniit trees; the 
soft rots of potatoes, carrots and other root crops follow Aechanical 
injuries oi the inroarfs of fungous parasites; injuries to the root system of 
Solanaceous plants by cultural operations or the feeding of nematodes or 
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insects are frequently responsible for attacks of bacterial wilt; feeding of 
the striped cucumber beetles may be responsible for the i’aTection of 
cucumbers with bacterial wilt^ while bark-bonng beetles or sucking 
insects iiviy make tunnels or feeding punctures in apples, pears and other 
hosts in which the bacteria of fire blight first establish themselves. It 
seems probable that guttation ruptures of young leaves, especially of 
cereals, may make oy>er)m8;s through which infection maj^ result. 

2. Enirancv through S'tomata. —These natural openings, which are »o 
numerous 'ou most green structures, constitute passageways leading into 
the system of .nterctdhilar spaces w^hich pt‘rmeate the tissues With so 
ruuiy gateway' it seeinj- strange that s^omalal invasion is not more fre- 
quent, The way in which a stomatal invasion may take place may l>e 



FiC 90 t portion of .1 loaf skOoi. ahouin^^ l»'i( t(*na ir water him abo\e a Htoina 
/t pcneirutujM v>f Oa* hait^Tia I'Ht) tlw suh-^KMuatnl f ham be;- ( bacteria in t)»e inter- 
celhila. <)f paremlivma tis«mc U b u t^^ria arl\ injr in ^ sjaral \c8f»cl Vll 

semidiagramniatK 

briefly ouiIiikmi Suyipose a single bacterium of a s]K.Tieh pathogenic 
for the )i()5*t finds lodgment m a him of water over a stomatal opc*mng. 
I'ndei *111 voi able conditions cell dnision folio m rapid ‘succession. 
The resulting bacteria aie [ludied oi work their uay iiiio the stomatal 
<'pening and soon come to fill tiie substomalal cljainber They increiise 
in numlH'T^^until the\ jmsh into the* adjacent intiTccdlular spaces and a 
watery, translucent lesuits, ^^hile v\iih further action the cells of the 
lesion may lv‘ killed and a leaf si)ot or a spreading lesion may result 
iSince the first jm>of of sturnatal in\asion in the black spot {Pseudimiotias 
'pruni Smijh) of the plum by Shmth m 1902 1901, numerous cases of 
stomatal infection have been 'Studied This tyjx' of^nvasion has repeat- 
edly been denumstrated b\ spraying pure eultures of f»athogenes upon 
the surfticc of .perfectly sound plants It is tlverefoie well established 
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that perfectly normal structures under the moisture conditions which 
frequently prevail in nature may become infected with :i bacterial 
pathogene. 

3. Entrance through W aier J^ores. — These structures, wmcn are really 
specially modified stomata located in groups at the inargii^s of certain 
leaves over the ends of veins, seem also well suited to the entrance of 
bacteria, since liquid moisture accumulates at such points during the 
penods of retarded evaporation. The most noteworthy case 'of water- 
pore invasion is to be found in the black rot of the cabbage. The bacteria 
develop first in the tissue immediately b€‘]ow the water pores, but soon 
make their way into the spiral v<‘sscis of the vein terminal and then 
advance down the vesvsels as cell division proceeds, rapidly producing the 
charactenslic bla^'k venation. 

A. Enfraure through Necfarie,^ — The nectar-secreting glands of fipwers 
offer another possible place of entrance, since the glandular tissue has 
no protection of cuticle or cuticularized layers and the sweetish nectar 
presents a food that is favorable for the growth of bacteria, ('ertainly, 
th( anatomical features and the presence of the nectar arc favorable, 
hence the infrequency of bacterial invasions of flowers by this portal 
must be ascrilx^d to the lack of proper chemical relations of host tissue 
and doHsjble pathogones. Jn 1S91, Waite first demonstrated (he rela- 
tion of bacteria of fire blight to the blossorn-bhght jihase of that disease, 
and proved that the bacloria are introduced into the nectar by the 
visits of Iwes or other nectur-seeking insects. The bacteria left by 
visiting insects multiply with wonderful rapidity in tJie accumulated 
nectar, soon invade tlie nectaries tlirough their unprotected glandular 
surface and then migrate downward into the {;vary, flower pedicel and 
e^?en iiiK; the st(‘m, cauising the characterisi ie blighting of flowers and 
fruit spurs. '^I'here are but few other ])n)ved cases of nectarial infection, 
but it seems j)robal)Ie that other e\an pies will be discovered as more 
emphasis is given to the study of bacterial diseases J'ixira-floral ncc- 
tan(\s and tix' stigmas of flowiT^ off(T a<ldilional unprotected surfaces,' but 
no bacterial pathog<*nes are known to enter by those channels. 

5 Entrance through Leniireh. Th(‘ extent to which bacteria enter 
through these passageways which lead through ihe cork\ hark into the 
underlying i)areiich\ma tissiu* of twigs, vsouily branches or modified stems 
is, uncertain This .seems to be a possible way of entrance of bacteria 
into ptflato tubers, especially tli<»M‘ which causc^ soft rot. T^e pos.sibility 
of lenticeilate infection is one worthy of more detailed investigation. 

The Location of Bacteria in Diseased Tissue. -The majority of 
bacteria which cause disi'ase in plants enter into the tissue^ of various 
organs or parts by^some of the methods as outlined abov(<, hut in a few 
cases dist'ases are caused by the devebpmont of the pathogene betwwn 
certain elowfly appressed organs, 'Hus auperjicial ]to.^iifon of the bacteria 
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IS illustrated in Rathay’s disease of orchard grass, in which the organisms 
are found between the glumes of the affected heads, and thet> gum-bud 
disease of carnations, in which the bacteria accumulate between the outer 
petals of unoptmed buds. Diseases similar to that of orchard grass have 
been deseribec^by O’Gara from wheat grass in Utah and by Hutchinson 
from wheat in India. 

Bacteria which actually penetrate the tissues may be: (J) inter- 
cellular, or in the spaces between cells, as in most of the parenchyma 
diseases; (2^ intravascular , or in the water-conducting vessels of the 
xylem, as in the wills and other vascular diseases; and (3) intracellular, or 
within the interior of cells. In invasions which are pnmarily intercellular 
or during the first stages of intercellular infection, the bacteria may ent^er 
the vessels to a limited extent. In many vascular inva.sions, the bacteria 
later break out into the surrounding parenchyma tissue and form inter- 
cellular pockets, while in advanced decompositions of tissue, bacteria 
may ente»* the dead cells and assist in the work of destruction. In a few 
cases, however, the bacteria gain access to the interior of living cells at the 
very tieginmng. This would seem to imply the ability of the pathogene 
to penetrate unbroken walls of cells by its own activities, possibly by 
digesiive action and perhaps by entering minute wall perforations. 
Smith states ^^that the crown-gall organism occurs within the rapidly 
dividing cells’* (1911), but tliai it does not seem to be very abunciant^in 
the affected tissues, but recent investigations by’ Biker and others seem to 
oppose this idea (see CVown Gall). The symbiotic bacteria of the 
root tubercles of legumes offer an example of a copious intracellular 
development, with the bacteria persisting until the tubf^rcles are matured 
and disintegrated. 

The Action of Bacteria on Their Hosts.- 'i^hiTc may l)e a 

. . . mechanical faplittirig, tearing crushing due to the enormous multiplica- 
tion of the bacteria within couhned spaces Tlie whole intercellular nieciianism 
of soft juants niny he honeycombed and flooded in thi^- way, and ii the cavities 
are near the surface the tissue may be lifted up or the bacteria may be forced 
to the surface through ieiiticels or stomata in the form of tiny beads or threads, 
or by a spiriting process (Smith). 

The principal actions are of a chemical nature, some of the most 
important being: (1) The separation of cells from each other by the diges- 
tive action of enzymes upon the pectic substances of the middle lamellu?, 
leading to the production of ca\aties in various tissues. (2) The produc- 
tion of enzymes which con\ert starches into sugai-s, complex sugars into 
simpler forms or digest and make possible the assimilation of proteids and 
other nitrogenous compounds (^) The format imi of injurious acids, 
alkalis or toxic substances of some other character as l\y-products of their 
activity, which either inhibit physiological processes or actually kill the 
protoplasm by their poisonous action. Such chemical changes may 
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result in necrosis of tissue or the blighting of organs, or dry or soft rots 
may follojv. (4) The production of substances which stimulate cells to 
abnormal activity rather than depressing their life processes or killing 
them outright. 

The Reaction of the Host. — In every invasion by a pathogenic form 
there must be a contest I)etweon the host tissue and the intruder. It is 
possible that in many incipient infections the forces of the host win the 
contest very early in the struggle and consequently yirevent tlie formation 
of visible lesions. It is only when the resist.ing powers of the* host tissue 
are overbalanced by the aggressions of the parasite that disease becomes 
evident. If it were not for host r€‘sistance, parasites when once estab- 
lished would always multiply indehuitely until a fatal ending would 
curtail their aclivntios, but we know that many bacterial lesions are ot* 
limits extent and that finally the intruding organisms die out and di‘> 
appear, leaving hut tlie marks of the battle, while the host still hv^es. 
There is but little evidence that parasitized plants develop (.onj|Kninds 
comparable to tlu‘ antibodies which are formed m infectious disease^ of 
animals; at leavst repeated attacks by a bacterial pathogene confer no 
immunity upon the host plant. It is certain, however, ttiai bacterial 
development is frecjueiitly cliecked, but this riicv b(‘ due to tlie pnalucts of 
host metiilioliain on the one hand, or to the by-products of bact^Tuil 
metabolism on the other 

In addition to the killing effect upon host tis^nos winch results m 
the vleath of localized ar(‘as, entire organ*- or {larth, or Ine entire plant, 
firofound ehanges or modifications of plants invadei* bv bu tonal paiho- 
gones may result. Some of tla* rn<Te striking effi‘cts aie ntntdi'd at 
lessetu^i groivl/i of certain gioup'^ of iis^u(*s, craMain j)‘irt‘' or oigaiis <»r the 
entire plant , changes oj color, involving cons(>rvatio)i ot ehlontphyll, with 
the development of a dce|)er green or the change to yellow' or some otlna- 
color; disioriions of loaves, sterns or othe^ parts noi du* pj hyi>erti“oj)hies 
or to hyperplastic changes; and finally the developmf ni of ntw P.s.w/f , new 
organs or abnormal overgrowths as a result of either }njpcr/)ln.'>ta. or 
increased cell division, or of the hypertrophy of cells. 

In some of the simple bacterial attacks the advance of the bacteria in 
the tissues may be checked by the construction of a barrier of cork cells in 
advance of the invaded tissues Cells winch normally would icmain 
inactive are stimulated to cell division and jiroduco i cork cambium 
which builds the inijKTvdous wall of cork cells. In other cases the 
increased cell acMvity, expressed in hyperplasia, may be so directed as to 
cause the development of orgams of normal structure, roots or shoots, but 
either out of place or in excessive niihibers (hairy root and witches^ ^ 
brooms) 

In other cases of hyjKuphistic response cell division runs riot, 
unchecked and undirected, with the result that irregular or formle>ss 
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overpjrowths, cankers, tuDereies, tumors or galls are formed. These may 
be illustrated by the crown gall on both woody and herbaceou#^ hosts, the 
olive knot, the tuboKCulosis of the oleander^ the galls of several species of 
pines, citrus canker and other loss perfectly known canker diseases 
» poplar, oak) In these cases it is probable that some chemical sub- 
stance pioduced by the bacteria or by the irritated cells excites the cells 
to cell division, which proceeds with groat rapidity. In many of the 
overgrowths the cells divide so rapidly that they remain small, and little 
differenliaPlion* lakes place, with reduction of vascular elements.. In 
other cases the saioe gaii or tumor may exhibit hyperplasia and also 
enlargement or hyf)crtroj)liy of some of the cells. 

The Dissemination of Bacterial Diseases. - Ract^^rial diseases may be 
introduced into j new eii^ironmeut or spread from diseased to healthy 
plants m a g7*eut variety of wavs Diseased plants in ly hai bor the disease 
and serve as centeri' of infection wdi^n transported to distant points or 
when allowed tc remain m fields or orehanl" Som^ of the more imi^ir- 
tanf agents of transmission may he montionfMl ( 1 ; Se^d used in the broad- 
est sensf to include true seeds, fruit-', bulbs, tuVw^r, or other “propagating 
-*tock. The black rot of cabbage, SteVvart’s \Mlt di'-ease of sweet corn, 
black chaff of wheat, ytdlow disea'^e if hyiu*mhs, and blackleg fd potato 
are recognised seed-borne bacterial disease'- (2 /.s and i>tKer ^animal 

life^ including bird.;, inolhi-ks and wormo Heie may be mimMfmeS the 
insect trajjsinission of fire blight ot apple px-ar uiui oth# r host.- fl)> various 
sucking and chewing insects) and the wilt of cucurbitH ^by striptvl cucum- 
ber beetie«?, Dtahotira f^pp the Iran' nisnon ot the ohve tubercle by 
snails, and the work of root-knot nematodes or round worm.*', which oj>en 
the way for the entrance of tiie bactenaf wnli or brown rot of tobacco, 
tomato -and other susceptible hosis. (d) C'ontavnnaied fertilizer The 
compost heap may harbor pathogeiies wnudi are later introduced info 
the field. Scab fmd rots of potato, black to* of cabbage and other troubles 
may be disseminated in this way 
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BLACK ROT OF CRUCIFERS 

Pseudomonas rampestns (Pam ) hi V\ S. 

'Fhe bfeck rot of the cabbage and other crucifer.'^ ir a vascular bacterial 
diseahp which causes dwarfing and rotting of pianls and spotting or 
blighting of leaves am* in extreme cases death of the )iost The disease 
has hern referred to as a. bactenosis, bacttnal rot, brown rot or, most 
frequently, ihe black rot. 

History, rht n as hrst recognizefl by Garnian in Ken^ u< kv in 1H90, but its 

f) uteo.il 1 nUue su-. not pioved The inlectious na+ure y the diHoab^* was demon 
atrati i b\ P uem 1 m 1S9J-IS95 by his study of a bactino^is ot lutabagth m Iowa, 
hut I* lid "ud rtsso 1 ite the trouble with ihe disease on cabbage .xml otUei iicMa which 
wa*' stu lied laT( b\ llii and Harding and b> K F Smith Ibese u.xedtigators, 
v\(*rking ^rl{i^ptn^h‘ntl^ , ainvfii at essi ntmliy the same ie*u ts, ♦bf wnik of Smith 
being publisl (d a vear earlier (1H97) an u at of the otlUiS Bo‘h papers e\rended 
the vod of Pi unclr and reporte<i tiu i ifiTlions of the )r ivea Ihimgh water poreii 
Importing iat«T coTitributions were aurf in piibluat.onK oi Hurcling (19(X)), Smith 
(IS9S BH)3, Bin Stew aiT and llaohng aiul tn Ifaidnig ^tow.l^t? ami Prncha 

fPX)4) rhew workfrs demonstrated e nu ffectiveness ot tbt rceuAal of diseased 
leaves a imtiiod of eon^rol and sboweil that the causal baitfna are frequently 
( arried no thr spol It mtrn sting . lot* that S.nitb usf dj!histr,.ti uia of blaek rot 
II nis dispute with Fisi her e<»i ( ♦"rning the or Mjnrm e of b u ^eri.d Ii>ens(« In 1902- 
BX)d, linuntT, a student ot iisehfi k, (bnlirnif ’ the work of Smith that had been 
disputed i>\ } H(tior Ttie dernori-'tration of tlu (trevalc rice of the disease in Europe 
t)y tlarding (1900) stun ikiied thr ristxifhes ol Hall (BVMl) tnd Ibskc (1901- 
1902) Mention should W made ot letant work on (ctvlidon mfc* tion b\ I'lret hsler 
(1919) til stiuU of the disease on Chun s< (^bliage b% Brown and llsrvev (1920) the 
dcscnption of v.inaljh effects on ( aiildlowi i t)\ Chivton tin dernoiibtration of 

tlie et’fi tj\< iu*ss <if thf hot water In itmeiit of sttO bv (1921) mid th^impor- 

taiue oi s(c*d-bed stenh/atiop m lessening the disease b^ Clayton (1924j 

Geographic Distribution. ‘ Bhuk tot has bi^cii ^ ,jorted from jiraetiealh all stat<‘s 
ea-.t of tin Mnsisstppi Itiver arul’irorn s(\eral ’ve^^t of it, '^sptd IK from low’a and 
Wbrnsk.i Poi 20 \ t srs oi inoie it ha‘ hteu dcsiriu ti\ < m tl e olde** etibl^ a go -growing 
sections of the toinirv, especialb m th( states of Ohio, Wisconsin, Michigan, New 
\prk, lt)wa, Indiana ahd Pennsylvania hi nuue recent years se^ eial o+her states, 
partnqlaiK Marvland Viiginla New hrsey and Texas hu\f leported sc nous out- 
breaks 3 he rlisc list hits been lujunoio- to cubtu^e as far south as I londa and e\tend8 
through all the states north into Canmin in lOOS it was reported from 4he state of 
Washington, but wnth a J^ew possible exieptions it is of ran* occurrence m the Rocky 
Mounliiin and Pacific Coast state.b It is also web known in almost all parts of Eump© 
•and iioh been report oil from the islands of Cuba, Porto Rico, New Zealand and the 
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Philippines’^ (Hart or, .Tones and Walker, 1923). Harding confirmed the report of 
Paddock Hiat the black rot wns destructive in Colorado in 1901 and 1902, and further 
attention was given to the disease m that state by Sackett in 1909, rf 1911, Smith 
and Smith reported that *Hhe trouble is very uncommon m California if it occurs. at 
ill ” 

S3miptoms and Effects.- Tlie earliest symptom of the disease, espe- 
cially in the cabbage, ih generally a yellowing of the foliage with a blacken- 
ing of the veins, beginning at the leaf margin or around some insect injury, 
with a progressive development of the stain downward into the petiole 
and then into the vascular elements of the main stem 

When once it has established itself in the main stalk it spreads rapidly througli 
the whole plant I’raveling as it does through the veins and bundles of the plant, 
it seriously interferes with the channels by which water is distributed to the 



I'm Ul -Cabbage leal showing ruannor of mfo< tioii A, holes eaten by mscets H 
diseasi'd areas unsli.atied ex< ept blaekened luetth of \einlet8, ( , bla< keneil a cinlets affected 
by diHcase, J) watei pores through which the black-rot bacteria enter to produce a margin'll 
infedion {.Aftn Tl Ilul 68 .) 

tissues •of the leaf This, combined with the actual invasion of the loaf tissue 
with the specific cause of the disease, causes the leaves to wilt, turn yellow, dry 
up and become thin and paicbinent-like in texture The veins and fibrous 
strands that course through tlie plant are usually hlackenod, and often these alone 
are affected* the contiguoin succulent tissues remaining apiiaiently unchanged for 
a time at least (Russell) 

Affected leaves are not wet or decayed, aifd in seven' eases there" may 
be a gradjaal shedding of the lo^er leaves, finally resulting in a long bare 
stem marked only by the leaf sears and frequently with shoots pushing 
out from the axillary buds, while a terminal tuft of inon^ or less distorted 
leaves crowns tlie stem. Dwarfing is one of the common effnctc nf ibn 
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disease and frequently one side of the plant is more affected than the 
other. Eafly attacks may destroy the young plant or it may make a 
crippled development without the formation of a head. The disease may 
infect seedlings in the seed bed or the attacks may come only after the 
plants have been transplanted to the field. Seedling infections may 
develop even before the unfolding of the first leaf, showing a characteristic 
charring of the tissue along the edge of tho cotyledon sinus. This initial 
symptom may be followed by the collapse of the cotyledons and the dor.th 
of the seedling. 

Ont' of the most characteristic features of the disease is the blackening 
of the vascular elements. A cross-seetion of (he Heshy petiole of an 
affected loaf may show all the bundles brown or black, and a cross-section 
of the stem, if the disease is sufficienlly advanced, will show a brown or 
black woody cylinder. In fleshy structures, as in n)ots of turnips or in 
the edible portion of kohlrabi, pronounced cavities may hv hcdlowed out 
in the sucrulent parenchyma In certain cfises a yellowish dime will 
ooze out from the cut ends of the vascular bundles — for example, in 
slices of infected turnip roots. 

A (lovuition from the symi)tomolog 3 ^ as described for the cabhage may 
})e rioted for (he caulifl(*wer. The infections occur over the luitire leaf 
Hist (Mil of nlorig ihe margins and m ilry weather may dry up and cause 
leaf ]KTforalions or m wet weather may spro*al and cause a wet stump 
rot, i.esions also may he formed on the seed pods Xuim'rous leaf-spot 
infections are also characteristic of ihe trouble on the ('hinese cabbage 

In black rot the sequela^ are even rnor^* serious than the disease itself, 
for the affected plants are fre([uent]y invaded l>y bacteria wliieh cause a 
deslrictive soft rot that may spread throughout t he head and transform 
it into a black, slimy, foiil-srnelling mass Plants affected by the primary 
distauso alone have no conspicuous odor. The losses are not confined to 
the field but are continued into storage. In the stored crop, heads which 
appear perfectly sound may he badly jotted in the inteiior. Field losses 
of 10 to 50 per eenr have not been uneomimm and losses aimnintiTig to 90 
or almost 100 fKT cent liave been reetin od. A qiiartta' of the stored crop 
of cabbage was lost at Facine, is., in the winter of ISfiti 1S97 (lliisseil). 

Etiology.- -This discas(* is causc'd by a sjKHuric l>ae((Tial organism 
which was first descnlKal as Bardlus (ompt . /s by Pammel in 1895. He 
proved the pathogeriuity of the organism for rutabagas and yellow 
turnips, by pure culture inoculations and reisolations. In» 1896- 1897, 
Smith confirmed the work of Pammel on rutabagas and turnips, using 
pure cultures from turnips and cabbages, and also made succi‘ssful inocu- 
lations on cabbages, cauliflower, kale, rape, radish and black mustard « 
(Toss-inoculations showed tluit the disease on the various •hosts was 
caused by the same drganism. In the eavl^" work of Smith the pathogene 
was referred to as Pseffdoinonas campesfris (l\am.) E. F. S., and this name. 
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was quite generally used by American and European writers until Smith 
discarded Migula^s classification and substituted Bacteriung: campestre 
(Pam.) K. F. S. In the classification of bacteria proposed by the commit- 
tee of the Society of American Bacteriologists the organism is described 
as Phytomonas campestre (Pam.) S. A. B. 

The rods are 0.4 to 0.5 X 0.7 to 3 microns, ana occur singly or in long 
chains. When crowded in the plant or in old cultures the rods are vej^ 
short, almost coccus-like, but in young infections or cultures, they are 
much longer than broad. Young bacteria are actively motile by means 
of a single polar flagellum. No endospores are formed. The colonies on 
agar are pale yellow, circular, thin, flat, entire, wUh slight tendency to 
form concentric rings (for detailed cultural characters, see Smith, 1911). 

The infections of either young or old plants occur largely through 
parts above ground, but esj^ecially through the leaves. Harding reported 
infections through the injured roots, but Smith has found but little evi- 
dence of this type of infection except possibly in seedlings. Infections 
take place readily through mechanical injuries, and various leaf-eating 
insects are important agents of dissemination. Aphids and mollusks 
(slugs) have been shown to transmit the disease. While wounds may b<‘ 
the avenue of entrance of the pathogene, the majority of infections occur 
independent of mechanical injuries, normal leaf openings — the water 
pores — l)eing easily entered. These modified stomata occur in groifps on 
the serratures of the leaf margin, and during cool nighls exude liquid mois- 
ture, which collects in dew-like drops. When weather conditions are such 
that the drops jx'rsist for some time, an j the pathogene reaches this mois- 
ture, it multiplies and the rods soon penetrate the substornatal chambers, 
after which the entrance into the adjacent vascular elements of the veins is 
only a matter of time. The characteristic leaf symptoms with blnckening 
of the veins will follow' with some rapidity after the initial incubation 
p(‘no<l of 7 to 20 days. Smith reports as many as tOO distinct marginal 
leaf -mfei't ions on a single plant. The oeeurrouce of infection through 
ordinary stomata has L)een denied, but this has recently been demnn- 
strated by Drechsler for the cotyledons of the cabbage, whicli are devoid 
of hyduthodes. The formation of numerous lesions in the leaf-sp(>t tyjx' 
of disease m cauliflower and in Chinese cabbages wauild also suggest the 
probability of <tomatal invasion. 

The hactena muliiply in th<* sjaral and other vessels, move gradually 
forw^ard as They increase in numbers, finally reach the base of th(^ leaf and 
enter the vessels of the naun axis. From this point they may be dis- 
tributed to other leaves, the movement tuit ward or upward Ixang aided by 
the transpiration stream and th6 mobility of the rods. After the organ- 
ism has penetjrated the central axis of the host, wilting of leaves may 
result from the plugging of the vessels in the fx'tioles by bacterial aggre- 
gates, even bidore a general penetration has taken place. 
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The source of primary infections m any occurrence of the disease may 
be from hontammated soil or from bacteria which c a rncd on the 
Mirface of the seed Manure from diseased refuse may contain the 
pathop:ene, and in such material or in ordinary soil which has produced a 
diseased crop it may persist from one season to another Smith records 
a senoiis outbreak of the disease m cabbage in a field that was manured 
with ‘'refuse from a storehouse in which brown-rotted cabbage had been 
>Mntered (>\ei ” An infected seed bed may cause numerous infected 
seedlings w^hich will carry the disease to the field Contaminated seed 



I u of a rnhl)iKi Itaf paialiel Uy tht Piirfa<t neaf the margin shomug Mw 

Ksnlt of nit<(tion h\ }>1 \rk rt>i ba tena through the water pores I Aft* r f F s?;n// 


as a source of infection was first emphasized as an important feature, but 
fuitlid evidence has been ofTeud b} Wilker and Tisdale, who cite n 
nutnlKM of cases in wbicii tlie disease was m»ioduced into Wisconsin fields 
by seed im])oi(ed from LuroiX‘ After the dis(*ase established lu a 
held it ni*i\ ix* spread by nitural agencies from the infect&d plants to 
liealthv plants In the ease of cabbage and some other crucifers the 
seed IS contaminiited during the threshing operation, but in the cauhfloAcr 
there is a diiect infection thr aigh the* seed jxids, bo that the Imctena* 
are wathin the seec^ coats Tins liehavioi is the probable explanation 
for the inefTectivcness of the mercunc chloride titsatment of cauliflower 
seed 
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Pathological Anatomy. — While first entrance of the bacteria is through 
parenchyma, the parasite soon penetrates the vascular elemenlTs, where it 
makes its principal development. The spiral and reticulated vessels are 
very often filled with dense masses of bacteria, and these may sometimes 
break through into the surrounding parenchyma. “Often the intercellu- 
lar spaces are first occupied; the middle lamella is then dissolved and the 
elements arc separated and squeezed into all sorts of shapes by the 
multiplication of the bacteria^’ (Smith). The lignified elements are not 
digested; fft least the spiral threads and ^dher ligmfied portions of vessels 
persist. Non-lignified elfincnts may be entered by the bacteria ami 
destro 3 '^ed by this means as wtII by the wedging apart b}'^ the mass 
action of intercellular dev(‘lopmeiit- 

The destruction of parenchyma tiSvSuo adjacent to bundles in the way 
described is the cause of pronounced cavities in succulent structures. 
The advance of the bacteria in the parenchyma is relatively slow, and the 
cavities rarely if ever reach the surface of the organs in which the}'- arc 
formed. The fonnatioii of cavities is common in such structures as 
cabbage Jir caidiflower petioWs and in turnip roots. 

Host Relations. -Practically all (»f the cultivated spiecies of Prassicn 
are susceptible to the black rot. In 18^)8 Kussi'll slated that: “hi all 
probability there is but veiy little difference in sus(‘('})tibili< all viiiieUes 
yielding to the disoast^, if the causal organism is once prcMUit.’’ 'Die 
disease is known to infect cabbage, caiilifii^wer, bnissels sjuoiits, ra[je, 
coilards, kale, rutabagas, turnips, radishes and mustard. It iias U'en 
found (m wantcr slock iMdtthioLa ,>uatii) in (ierjuony and ivcenlly on 
Chinese cabbage ^Hmssica vhinensiii)^ the loose-headed varudies being 
less susceptible than those with compact heads. Radishes are rather 
resistant, turnips 'ind rnlahaga^ more susceptible and cauhflowiu* very 
susceptible. TIk* llou^ei cabbage has Ix^en reported a'* *' practicaJly 
immum' to black rot under field condition.^,'' arul aho li’^ted as c»ne of 
the older domestic varieties rcMstant to will or y( llow^. it ‘ hould 
be note<l, howa'ver, that the >ell(A\s-!esislant varaM/ics devxlofxal in 
Wisconsin have n(d provaal resistant to black rot “or to the other 
commem cabbage diseases such as blackleg' ^Phmna) and club ro(»i 
( Plasm< xliophora )” 

Prevention or Control.- No single practice will control black rot, but. 
emphasis shoiild Ix' placed cm (1) seed disinfection; (2) soil disinfection of 
the seed lied; and (8) on cultural or sanitary practices in general. If 
black rot is the only sfxxl-borne trouble to prevented, the mercuric 
chloride treatment is satisfactory, but if blackleg is present or suspected, 
the hot-water treatment shoufd lie used. Treatment of seed with 
mercuric chloride 1 TOGO for 30 minutes followed !jy a cold-water rinse 
and drying of the seed has been recommended, but it has not proved 
uniformly effective and is not recommended for cauliflower. Since the 
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mercuric chloride is not effective against blackleg or for black rot of 
cauliflower^, the hot-water treatment is to be recommended. On the 
basis of the most recent studies by Clayton, soak the seed in hot water 
follows: cabbage and brussels sprouts, 25 minutes at 122 ®F.; cauliflower, 
18 minutes at 122"' F. Remove to cold water, drain and spread out to 
dry In either treatment the seed can be handled to best advantage 
in a thin cheesecloth sack. The hot-water treatment causes more injury 
than the mercuric chloride, so whonevei attempted, a preliminary treat- 
ment and germination test of a small lot of the seed should, be carried 
out. Uspuhin is reported to give excellent results but it has not been 
sufficiently tested. 

Since infections may originate from organisms present in the soil of 
the seed-bed, some metliod of soil sterilization should be practiced. It. 
IS woi 1 hy of note that the treatment of the soil with 1 to 1000 or 1 1200 

mercuric chloride, which gives good results in the control of t le root 
maggot, IS also excelleni for black rot Good control of the dispas<* in 
cauhflvivkcr has been obtained by applying the solution three times to 
plants m the seed bed liie same treatment b also of value in the control 
of club root and damping-off due to Rhizoctonia 

Late planting is recommended, especially for cauliflower. 

Black rot is a w an ii -weather thsease and can lx aM)i(led hv planting Late 
enough so that the crop cie\eloj)s during the cool fall months Generally speak- 
ing, fi< id^ [danteU after the last of Jul} are fan I3' free from hliuk roi 

'rhe folh/wing additional recommendation^ ha\e been listed: (a) Use 
manure and red ior the seed be<l known to be ^lec fnmi tlu disease* (b) 
prachee eiop /olatioii. using one m whicii lu^ ciilu\a(e<i CMH*ifej> or 
enuiferons weeds ar(‘ allowed to glow Iru 1 t(' 5 \far'‘. u) L,i\t atuidion 
tc the eontio! o1 all insect peG‘', (f/ do not allow !i\(* ^tock lo ro .m froni 
(iiseasCii to healthy fieldi- yo [)ull -ind h roy xij.'-easto as s(;on a'- 

detected, but do not throw on tii< iiianinr heap It shouhi hi^ noteil 

tliat the practK'f of lemovmg affected leaves from cabbage ot cauldiower 
and destroying tliem, which \va> ‘d one tunc recomincLded. has Ix^n 
shown lo he without value 
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FIRE BLIGHT 

BanlUis aff} yloi'orutf (Burr.) Trev. 

— .'onoiis bacterial disease affecting applo.s, pears, quinces 

and other species related to the ixime fruits, while it also affects some or 
the stone fruits as a minor trouble. In its various [ihases it attacks the 
blossoms, pausing a blossom blight; the leaves, by din'ct invasion, produc- 
ing leoj bUght; the young growing twigs, causing their death and that of 
the foliage which they bear, thus producing a characteristic tvrig blight; 
the older branches or the main trunk of the tree, producing cankers^ body 
bhght or if the lesions are located at the base of the trunk, one type of 
collar blight or rot; the young or developing fruit, causing either fruit 
* spot Of fruit bhqhi. Because of ihe frequency and severity of the trouble 
on the pear, the disease has been frequently spoken^of as pear bhght, but 
fire bhght seems a mere appropriate name, since it is suggested by the 
most common phase of the disease, the twig blight, of the various hosts. 



BACTERIAL DISEAS^^ ^^ANTS 343 

History. — Fire blight is apparently a disease indigenous to North America, where 
it probably •f>ccurred on wild hosts previous to the introduction of the cultivatod 
varieties. It was first observed by William Denning about 1780, in the Hudson Rivei 
Highlands, but was not described until 1794. From that time on the disease attracted 
more and more attention as it spread, with the mcreased cultivation of pears and 
npples, to the westward and the southward In the oldest book on fruit culture in 
America, ^‘Cultivation of Tree Fruits,' published by William Coxe m 1817, fire blight 
was discussed as an important feature of fruit production. While the disease was at 
first confined to the regions easi of the Alleghany Mountains, it worked its way west- 
ward and by 1S76 to 1880 it had become very destnictive in Illinois and other adjacent 
states of the northern Mississippi Valiev It also spread to the south and completely 
devastated certain pear-gniwing dust rads on the gulf coast >f Texas. The legions west 
of the R()cKy Mountains were free fioin the disease for a tiin(‘, but it reached California 
about 1900 and bet>^een that date and 1910 had wrought havoc in the pear orchards of 
that state. It spread later into the newer orchard regions of the Pacific Northwest, 
being Vi * V severe m the Rogue River Valiev of Oregon b> 1908, while by 1914^1915 it 
was epiphvtotie m the Yakima Valley of central Washington. 

Despite the severity of the disease and freiiuent discussions as to its cause and 
means of overcoming it, little progress was made between 1817 and 1878--IS80, when 
Burrill discovered and proved its bacterial origin It is interesting to note the many 
and varied tluYinC'., advanced before BurnH’s diseoviT> , to explain the origin of fire 
blight: (1) electricity or atmospheric influence, since i1 was espcaually noticeable after 
a thiuulerstoriu ; (21 the action of the sun m moist, hot w’cather, the “sun-scald’' 
theorv; (3) the “frozen-sap theory,'’ which accounted for the disease by the cutting off 
of the ‘Aipplv of moisture to the branches; (4) old age, or a phenomenon of senility; 
(.*i) overnourishment of trees by high culture; (0) defieieney of the soil in certain 
essential inineraJ matter; (7) insects, for example, the ambro.sia beetles; (8) fungi: 
(9) sonu* morbid influence transmitted through the air from tree to tree 

In 187S, Prol T .1 Rurrill, then Professor of Botany in the University of Illinois, 
first aihancecl tlu* theorv that the blight was due to bacteria which he found to be 
crnstantlv pre^’cnt in the blighted tissues. Ills theory W'as soon substantiated by 
yuoduciug the disease by inoculation'- of bealtliy parts with the juue from diseased 
tissue (ISSU Ills wMrk was completely '^'onfinnexi by more detaileil expenmenls by 
\rfhur nSS.")) Since that tune numerous contnbutions have increased our knowl- 
edge of tlie diM'asi' and 'i voluminous literature as dev'cloped. It is only fxissible to 
mention a few of the landmarks that are out.V inding feature.s of oiii progress: (1) 
the detcM'iuinal ion of the diwssennnation of blossom blight by flies and wasps, by Waite 
(1898), followed bx studies by other workers w^hich have showm the part played by 
various ms#‘( ts m the spread of blight; (2) the general adoption of surgical methods 
of control, with the di^uitoction of instninien*^s and cut surfaces ''Waite, Whetzel and 
o(h(‘rs) with I 1000 nicu’iiiic chloride or with formalin (Jones, 1^K)9); (34 study of 
cankers and body blight of thi' apple, aiut their periment.al production by inocula- 
tions ^^\hetzel, 11K)9); (1) a special study of 1 old >vir blight (Sackett, 1911); (5) the 
determmatiou of the intercellular migration of bacteria in the tissues (Bachmann, 
1913; Nixon, 1927); (0) special investigation of fire blight as a disease nursery stock 
(Stewart, 1913); (7) a iletermination of the part played by fire-blight bacteria in the 
production of collar blight or crown rot (Orton, 1913); (S) the recognition of primary 
leaf invasions of the fire-blighl. ba<teria, thus prodiiemg a leaf blight independent of 
infections through the twigs (Tlcdd, 1915,* 1927; Miller, 1929; Tullis, 1029); (9i 
the establishment of the ineflicienc\ of the mercuric chloride method disinfection 
of w’ounds in cutting-out operations (Reimer, ,1918); and (10) the realization of the 
v'alue of blight-resistant stocks and the inauguration of Hvstoniatic work in testing of 
all known pear varieties for resistance, coupled with breeding for resistance. 
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Geo^ajihic Bistributioii. — The disease occurs throughout the North American 
continent wherever apples or pears are grown, with the exception of a ven,T few favored 
localities. From its region of ongm in the east it spread westw^ard with the increased 
cultivation of its two common hosts until it reached the Pacific Coast. It apparently 
reached Oregon and British Columbia aliout the same turn, but foi some reason has 
failed to develop in Washington west of the Cascades Sufficient time has elapsed 
since its arrival in the (oast oountr^ for it to have become* prevalent in western Wash- 
mgton, hence it seems possible that chmatif factois are lespoiisible for its absence from 
this section For a long time fire blight was confined to the North American conti- 
nent It was first rtport(*d in Japan m 1911 In 1017 a bacteiial blight pf pear 
blossoms was reported from S\)uth Afiua, but this was shown to be distinct from 
the hre blight of America and the laubul oigaiusm was described as a new species, 
Bactenum neciarophdum Doidgi The true lire blight reaclu^l far-awav New Zealand 
in 1919, and spread rapidly throughout the North Island, being lejxirted as a seriout 
disease of apple, pear, (juince and medlar, and widespread on hawthorn Iieilgey, 
which are frequently' used lor windbreaks and fence*- A severe epidemic of fire blight 
on pears w'as reported from Itah m 1921 (Montcmartmi, 1925) 

Blight upon pears has been most severe m the wanner and more humid regions of 
the eastern United States, being a limiting factoi in the production ot some of the best 
commercial varieties, especially before the* introduction of control measures It has 
been less severe m the northern range of commercial pear growing, especially around 
the Great T^akes or in the vicimty of other large bodies of water 

Symptoms ap:d Effects. — The blossoms, leaves, twigs, fruit, limbs or 
trunk may be directly affected by localized infections, but it is rarj for 

all phases of the disease to be found 
during the course of a single season 
in the same ( nviromnent 

Fire blight may cau.se a com- 
plete blighting of blossoms, oi only 
partial blighting may result Soon 
after the blos-iom*^ 1lu‘y may 

Ix'gm t(^ turn brown and wilt and 
this discoloration soon involvts the 
voung fruits The discolor it lor 
then e\l(‘nd-^ down tlic |)edic{‘ls, and 
the •idjaeeiil leaves uh also involved, 
tuin blown, wilt and reiniin h<ing- 
mg as n blighted tuft around the 
blasted gioiip of flowers '^J'he dis- 
coloration may then advance down 
the fruit spur, resulting in the death 
of this structure Iti many of 

the clusters of blighted blossoms 
minute, pearl-like or amlier-colored 
droplets will appear on the pedicels These arf likely to appear 
if the atmosphere is relatively moist, and they may remain as 
visible indications of the malady or they may be dissipated by 
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rains. In many cases no further progress will be made, but in others, 
especiaUy ii> susceptible varieties, small stem lesions may develop at the 
base of certain of the blighted spurs, while in others the advance is not 
checked until larger areas or entire branches are invaded. In certain 
seasons blossom blight is the principal phase of the disease that is evident, 
and it may appear in epiphytotic form, while in other cases little or no 
blossom blight may be in evidence. 

A direct invasion of leaves may result in leaf blight, which appeai-s 
in quite characteristic fashion. P^or many years direct attacks of the 
leaves were denied, but in 1915 the}' wwe shown to be common in various 
orchard sections of Washington on both apph^s and iiears. The leaf 



Ik. 94— Apple Iravfb hIjo>Mn>J: ii.itt lal li d ni\ ^ *ie firt -hJjgli' 


lesions are generall} marginal, luang iiOicr laUaal oi lennuial, but 
occasionally they ma\ bo at any point on ^oe leaf blade rnder field 
conditions all gradations of k'af invaMoiis may ob'^erved, from those 
wliich involve only small marginal areas to others which have advanced 
throughout the extent of the leaf blade. In many ot lh(‘ lesions the 
advance seems to checked xud is never resumed, while in others there 
IS a steady advance until the entire le!\f blade is killed and the dist'itse^ 
may then spread d(jwn the loaf stalk and later result in the blighting of 
the twig Marginal loaf lesions are generally roughly triangular, with 
the point of the triangle following either the midrib or one of the main 
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lateral veins. The inv^ ded tissues do not show a uniform coloration, but 
Aie more or less zonate, from varying shades of brown, aiways much 
darktT in the pear than in the apple. Bacterial exudate of the same 
nature as the “pearls’’ on the blighted-blossom i>edicels may ooze out 
from the leid lesion^ on the lower surface or spread out as thin films which 
dry to form shiny flakes. 

Twi(j hl/gJit may result from primary infections in the stem of succulent 
^hootH or from leaf infections and the gradual advance of the bacteria into 
the twig Rearing the leaves. Frecpiently the first evidence (;f twig blight 
in the a|)ple is a faint amber-yellow or reddish coloration of the ti{), which 
Ix'gins to wilt and droop, but in the pear the blighdng tips are generally 
blackene<l, ev(m in relatively young infections. The twig blight advances 
both uj)ward and downward from the original center of infection. In the 
original invasion of the twig the bacteria may migrate throughout the 
cortex and advaince into the petioles of leaves and even roach the basal 
part of the leaf blade, but probably most of the leaves wilt, turn brown 
and dry out before the bacteria have had time to penetrate into the 

meso])hyU, since the stem lesions have 
[iroduced a physiological isolation of 
the loaves to within th(‘ir limits or 
distal to th(‘m. \dscid drops of 
bacterial exudate may apfx^ar on the 
main axis, petioles or bHa4‘s of leaf 
blades just as in the blosrt(un blight. 
I'he drooping terminal twigs w'lth 
shriveled and curled drooping leaves, 
either browui, as in the apple and 
most other hosts, or black, as in the 
jM‘ar, w^hich stand out in marked 
contrast to lh(^ normal green foliage, 
firescnt a characteristic picture of twig 
blight. It IS this r(\semblaTice of the 
K>o. 95 - -Ty;«oM tw^g blight cf bliisled by frosi or heal 

that has suggessted the name of fire 
blight In sudden blight inj] )f twigs during hot, dry w^(*ather, the 
affected foUage may show' a much paler color than when average con- 
ditions pnwail 

iii(' (lis(‘ 4 m(> inay advance* dowuiward through the twig and reach other 
branches, lirough which it may spread, or its progress may be checked 
at any point. The extent to wdiich the disease has advanced in a twig 
^l)eyond the appearance of the blighted leaves may be determined by the 
watery or Miscolorod appeaiance of the stem cortex. Stem cankers may 
lesult from twig invasions, in the same way as descritHni for the blighting 
of fruit spurs, or the ilisease may continue to advanee into larger limbs or 
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even into the main body of the tree, killing the invaded structures with 
the progres^of the disease. 

While the very young developing fruits may be blasted as a direct 
result of blossom blight, a fruit apot or blight may result from new infec- 
tions on the partially grown fruits Infection of pi'urs is much more 
cx)mmon than apples, and in pear orchards infested with fire blight the 
blackened half-grown fruits covered with numerous drops of bacterial 
exudate are a frequent sfieclach' Pear fruits are so susceptible to fire 
blight that, if once infected, the disease is not checked until t*he entire 



I'lCf 00 rire-Olijrht lesions on ^reeii apples 


fruit has been invaded I'his behavior is also true for some of the more 
susc(‘ptible apple varieties, but in the more resistant species or when 
infections occur in truits well advanced in development, circular or 
slightly irregular lesions may result, which cease to ad\ance. In these 
the invaded tissue shrinks and turns dark brown or alniosi black, the 
bacteria die out just as in twig infections and the lesion remains as a 
sunken discolored area. 

When the disease invades limbs or diain trunks of a susceptible host, 
cankiTs of limited yzo may result (blight canAcr.s), or the ifiseasi^ may 
continue to spread slowly or rapidly, according to conditions, throughout 
the entire season, and produce a body or lunb blight. 'The pnxliKdion ot 
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defemte cankers is common in apple varieties and a very high percentage 
of these originate from primary infections in fruit spurs, mormal leafy 
twigs or water sprouts In active cankers the bark is slightly darker than 
normal and appt^ars as if water soaked It may blister and rupture, and 
characteristic gummy exudate or bacterial ooze may bo forced out, 
the amount depending upon the size of the canker and the succulence of 
the tissues invaded. In large cankers the ooze may Ix) produced in 
such quantity as to run down the side of the tree' trunk nr limb. When 



c\n into, the diseased bark vill appear brown and w ater soaked, in marked 
conirast to the pale green oi cre.inn while ot normal bark The bacteiia 
ma> adMirtee rather uniformlv in all directions through the bark or may 
make inorf" rapid ext( nsion along a rather ^‘<T*row' pathway. In the apple 
the majority of cankers general!}" reach their niaxunum size rather early 
in the season and the bacteria, unable to make further advance, die out 
either from lack of nourishment or beeanse of other unfavorable condi- 
tions. When a lesion ceases to spread, the tissue dries out and snrmks 
somewhat and a split or crack appears, separating the ol<l dead tissue 
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from the surrounding normal bark. The baciena may remain alive at 
some point a few of the well-defined cankers, and resume activity the 
next spring when growth starts and thus cause the extension of the canker. 
Such cankers are called holdover cankers, and serve frequently as centers 
from which the disease may be spread to adjacent healthy trees. In the 
pear, especially on susceptible varitdies, limited cankers are much less 
frequent, and when limbs or the niaiii trunk are infected, the disease is 
likely to spread until the entire tree is killed, unless its advance is checked 
by surgical methods. 

In active fire-blight lesions it is an easy matter to demonstrate the 
presence of the bacteria by placing a few fragments of the brown, sappy 
tissue in a drop of water. In a few moments the bacteria begin to swarm 
out of the affected tissue and cause a turbidity or milkiness of the water, 
which is quite evident and characteristic, especially when viewed over a 
black background. In cankers which are old or m which activity has 
ceased, the bacteria have largely disappeared, so that general symptom- 
ology must usually be relied upon for diagnosis. The bark of old cankers 
may l>e invaded by saprophytic fungi; and in many localities Cyiospora 
is a eomrnf'n aeeornpnniment , the yellow spore horns or tendrils appearing 
during damp weather. 

Wh(*4i blight lesions develop near the base of the tree trunk close to 
(he groiiml level, the form of the disease known as collar blight results. 
Tree.s affeeted by Ibis form of the dis^^ase will show an unhealthy appear- 
ance f»f ihf* foliage, espeeiall^^ on certain limbs. I'he noticeable features 
are reduced size and number of leavt‘S and more or less pallor or yellowing. 
I'hen^ ore no sudden wiltimi anrl browning of the foliage as in twig blight, 
Init jireimiture defoliation may result. The examination of trees showing 
ihis sympi «>m()lr»gy will shosv a u .>ion of S(ane extent at the tTown, a 
If gum Ilf (h'.ad, di>cf)!ored and sunken hark 'Plus losioii advances 
rapidlv m the (‘arly jiart of (he arowing sf <011, but generally is arrested 
by midsummer. AcMivity mav he n‘sunud (he lu'xt season and the 
h‘sion m.iy sj^read until the trunk is girdled at the bn.se, which leads to 
(he death of the tree. UndcT other conditions, the blight may spread 
rapidly upwards ihrough tlu' trunk and inlf) scune of the branches, causing 
sudden death b(*fore basal girdling has becai corr.ifletfal. Phe (iiscfisod 
tissue at (he crown iijjpcars brown and wat i u^aked, the same as in other 
blight lesions, and a distinct line of deinareavion may separate it from the 
normal bark. In old l(*sions the bark may separate from the sapwood, 
wliich first becomes brown av later alauisl black. 

(k)lliir blight may be mistaken for collar rot due to winter injury or 
for some form of fungous root rot. VVin ter- injury losams usually show 
on the southwest side of the liunk, are practically full si/x? early in the 
spring an<l so show' •no [irogressive advance during the growing season. 
The water-soaked appearance of the Hark so characteristic of collar 
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is lacking in coUar rot due to winter injury. Secondary invasions 
of fungi may result through either collar blight or lesiong of collar rot 
produced by severe winter conditions. 

The injury from blight varies with the location, severity or number of 
lesions. As a result of the diseiisc the following injuries may result: (1) 
loss of foliage; (2) blighting of blossoms, and consequently the failure to 
set fruit; (3) spotting or blighting of fruit that has escaped the ravages at 
blossoming time; (4) the diebaok of twigs and branches from twig blight 
or limb cankers which girdle the axis on which the}" form; (5) lowered 
vitality and poor growih of partially affected branches from body blight 
or collar blight that fails completely to girdle the effected parts; (6) death 
of entire tree from body blight or from collar blight that girdles the trunk 
near the ground levtd. The injury may be slight, the crop may be ruined 
by bloss(»m blight and the tree survive with little other damage or the 
affected tree may be disfigured, crippled and doomed to make a struggles 
for existence or it may succumb outright. 

Etiology. -Fire blight in its various phases is an infectious and con- 
tagious bacterial dis('ase due to the specific pathogene, Bacillus amylororus 
("Burr.) 'frev. Burrill first established the bacterial nature of fire blight 
and nam('d the ass{.ciaie<.l organivsm M icrococcus atfiylovorus (1S7S 1881) 
Ix'cause of the incorrect belief that it was a destroyer (^f starch, but 
the binomial was changed by I'revisan to the one now in genertl use. 
Stewart's discovery that the specific name first published bv Burrill wais 
amyhrorusj and therefore should be used, is of no imp()rtance, since Dr 
Burrill reported (hat this spelhng was a typographic (uTor. In the 
“Manual (;f b\Meruiinative Bacteriology " arraiigial by the ( 'omriiit te(‘ 
of the Society of American Bacteriologists, the organiMti api)ears under 
the name of Bnunia atnyUrcord. The first cult ural studies of t luMirgan- 
ism, using various media, were made by Arthur in 1887. lnoculati(/ns 
WTH^ made w'llh bacterial ooze and with pure cultures, w'ith the produe- 
tion of the charact mst ie symptoms of the duscaise, and numerous wa^rkers 
have attained similar results since that tune. Brevious to 1915 all of llie 
differeril [ihases of t lie disease except leaf bhglit had Ixam recognized, 
but W(»rkers had failed to s(‘eure inflections through tlu* leaves. 'Du' 
writer studi('d fire blight in Washington in the surnnuT of 1915 and found 
leaf irivasKuis common in pear, epph\ and (luirua*, and lat(‘r (1927) 
reported artificial inflections through the leaf margins by the use of pure 
broth or Ixuiillon cultures Leaf infections (K‘eurred through mareinal 
breaks, insfci punctures (•rtbrough perfectly sound leaves. Brooks (192()j 
was urialae to secure stoinatal infections, but Miller (1929) obtained 
stoinatal iTifecticms through foljagc leaves, s(qjals and recejitaeles, while 
Rosen ( 1,929 j reports similar results, with entrance also through the 
stomata of pc‘duncles and even infection through •petals which l)oar no 
stomata. 
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B. amylovorus is a short rod form averaging about 0.6 by l.S/i with 
maximum size of 0.9m in diameter and 1.8m long. The shortest forms 
(1m) appear almost spherical or oval, but they are really short cylinders 
with rounded ends. The c(‘lls are mostly single, often in twos, and 
sometimes in threes or short chains, 2-4 flagellate, the flagella generally 
Ix^ing located at or near the poles, and no endosporcs are known. The 
claim of Rosen (1926) that the rods have a single-polar flagellum appears 
to have been based on a faulty technic, as Bryan (1927) has pointed out. 
The life-cycle idea of Nixon (192b, 1927) m which the bacteria change 
form, with progress of the infection with the culmination of overwintering 
cysts, has not been ^"jrified by other workers. The organism grows well 
on the various culture media (For further details see work of D. H. 
Jones (1909) and also that of \ B. Stewart (l9l3) ) 

The blight bacteria are not able to survive the winter in the soil or in 
the dead parts of llieir host Holdover canker'^ ar(‘ the centers from 
which blight starts in spring. Bacterial ooze from such cankers may 
be washed down h} rams or carried aw^ay by insects and if cankers are 
actue at the time of bh^ssoming, the blossom blight may result Only 
a DiTi'ill peuamtage of the cankers ])roduced will persist holdover cankers 
capable of yielding living bacteria and starting an extension of the 
lOvSKm m the spring Sackett «1911‘ bmiul that 25 per cent of 83 pear 
cankers examined by him contained living bactcTia, Brooks (1926) 
found, 2 5 to 11 pc^r cent of active cankers and 0 6 to 2 5 per 
cent ot bhgh((‘d twigs with luing bacteria pfusisting through the 
winter dliere a])poars to be gnat variability in the percentage of hold- 
over blight under \aning coiidition.s Holdover ( inkeis on any host 
are a soun<* of dingci, as tfie baitena inav b( traiiMnitud from oik host 
to anothei wiiliout am loss of Mrulence 'I he <l!se ma\ thus b(‘ 

earned from pear to af'ph-, af)])]<‘ to peai, trom (j'iuhin oi lnv\th >nis 
ukkI for windbreaks or as ofnameiital plantings ^o comnaieial 

orchard of apples oi piairs 1( h i*' lecrntiv bean c( uns (’ lb -'C n 19 >0) 
tliat the beehne ma^ be the first '-ouieeot l)]o'-s»)iii-bliiilit mtea-non'- <*\en 
before anv hold-o^er earikeis }i iv( begun to oo^' la supp^)!' ot this 
obs( r\ at ion hc' lejKU t s t h(‘ lec oa enng (4 • 1.** lilicht baetca t.v from I>m Iu \ (‘ 
material in suinnic r, uintc" inn la the eaiiv spnng ]U)'*i t«; (f<*\'^lo|/' 

ment ol bhglit 

d’he 111 t auilKiilu (‘\ id(‘’ic*o as to the disseiniiMt am of the fire-blight 
ba(*teiia wa^ (oiunbiitcal b\ \\ aite (IH98) lie showed tl^it (lies and 
bees visit oozing cankers and c’arrA away the bacteria on their legs and 
mouth parts, and plant them in the nc'ctar of open blossoms in their visits 
irom fiowaa* to flower. 9di(\sc bactena Jind the noetar an oxcelhuit food 
and multiply rapidly in it and finally invade the blossoms through the 
nectaries, tlius prudTicing the eharact eristic blos.Mim blight Continued 
visits of insects to the inoculated blossoms may still further spread the 
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disease, and after centers*^ are established, especially if they are near the 
top of a tree, a large amf)unt of new infection may result from contami- 
nated rain water (50 to 90 per cent, according to Gossard and Walton). 
The bacterial exudate of leaf and twig blight may also be washed down by 
rains and play a part in producing new infeciions. Other studies have 
shown in more recent years that insects play a very imf)ortant part in the 
transmission of the blight bacteria anti in the production of wounds 
through which they gain entrance into leaves, twigs and branches. Cer- 
tain species of aphids or plant lice, several leaf liopi^ers, the tarnished 
plant bug and some bark-boring beetles have been shown to be carriers. 
It is only reavSonahle t o believe (hat almost any s leking insect, or any with 
a bark-burrowing habit, may be a carrier, if sources of bacteria are present 
and the insect is one that feeds upon a susceptible hc^st. Specific data 
arc available to show that heavy infestation of an orchard with aphids, 
for example, increases the amount of fire blight in <*ase the disease is 
pr(‘seii(. It has also been ^hown that birds, like th(‘ sapsueker, may be 
agents in the transmission of the disease (Waite). Man himself may 
also be the agent by which the disease is carried, since it has been shown 
in numerous cases that tlie blight baetca-ia m.iy be carried on the surface 
of })runing t(M)ls which come in eonlaet vvith bligiit lesions. Gases are 
also on record in which blight lesions afipeared in largi- mnnbers by infec- 
tions through wounds caused by hail, the ineclianical injuries st'tving as 
the avenues of entrance into which the bacteria were washed by the rains. 
A claim has recently been made that the bacteria of fire blight are also 
wind borne (Stevens pL a/.), but the evidence submitted does not justify 
such a conclusion,' except in connection with wind-blown rain, Recent 
workers seem to attach increased importance to the part played by 
meteoric water in the dissemination of the blight bacteria from the pri- 
mary centers of mfeeticai and less to the migrations of insects. 

It has been shown lliat the baetoria of fire blight may remain viable 
and vifulenl after Ixaug kept two months in distilled waliT and tlial they 
were able l(» liva' in dried exudate for a |>eriod of 9 inoiilhs Such facts 
suggest that possibly hold- iver cankers ami IIk' befduve are md (he <uily 
means by wliich the t>aeieria are earned (;ver fiom one ptaiod of infection 
to anot?her. 

Pathological Anatomy. - Diseased (issues show' a necrosis or death of 
colls, the first effects being plasmolysis, digi'stion of middle lamellae and 
later digestmn of cell walls and penetration. Hosen claims (hat the; cells 
are surrounded by bacteria and killeei by asphyxiation. The bact^.ria 
may be found in great numbers in the intercellular spaeios of the invadcMi 
tissue, but opinions differ as to the exact condition in which they exist. 
Karly reports (Rachmann, 1913) pictured them as floating free in inter- 
cellular li(|uid, and Miller later presents the same view for young infec- 
tions but states that the later ctmtJit ion dcK's not represent a true zooglfBU, 
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although I he matrix is more viscous than at first. Nixon (1927) describes 
them in theiinitial stages of advance as embedded in a jelly-like zobglcea, 
which he believes migrates with pseudopod-like extensions, pushing the 
cells apart by pressure. Whatever the method, there seems to be an 
agreement that cells of invaded tissue may be separated, sometimes with 
the production of cavities (schizogenous) or pockets which become filled 
with the bacteria. In the later stages of penetration when cells are 
invaded and digested, the cavities may be larger and of lysigenous origin. 
The first and principal migration of the bacteria is in the parenchyma 
tissue of the parts invaded, leaves or stems. In stems the cortical tissue 
is penetrated first, with deeper tissue later, the bacteria finally reaching 
phloem, camljium, wood parenchyma and pith in the more extreme cases, 
but the degree and extent of jx'netration are variable and may be checked 
at any stage. The bacteria may even break into fibrovascular bundles 
in leaves or stems. The cortical spread of the pathogene is the basis of 
the successful apphcation of scarification and of the use of the zinc 
chloride treatment without cutting. During periods of pronounced 
activity the bact(‘ria accumulate in such quantities that they are forced 
to the surface either through natural openings or fissures or ruptures and 
flow (Hit as the charactiTistic bacterial exudate, as described under 
Sympt(ims. It do(‘s not seem to be quite clear what part is played by 
enzymes, osmotic pressure, surface tensions and mass-mechanical action 
in separating the cells and producing the ruptures which permit the 
liacterial ooze to reach the surface. Nixon (1920) explains overwintering 
of the pathogene by the formation of what he terms cysts or pseudo- 
fructifications, that is, cells filled with the bacteria in dense aggregates 
on the ou^er edges of cankei^fs. d^'he existence of such cysts is denied by 
Miller (1929) and by Rosen (1929;. 

Predisposing Factors. — It may be stated as a general principle that 
any conditions which favor a more succuamt and -rapid type of growth 
render a host more susceptible to the ravages of fire blight. Under such 
conditions infections are more likely to occur and the advance or spread 
of the lesions will be more rapid and will continue longer without being 
checked. This is in accord with the roeogni/ed fact that the young 
growing tissues in the first part of the growing season arc more susceptible 
than the older tissues which have ceas(‘d setivity and assumed their 
mature condition. The prevalence of blight is influenced by weather 
conditions, cultivation practices, the use of irrigation waier and the 
application of fertilizers. Prolonged hot and dry weather is unfavorable 
to blight, retarding dissemination and increasing resistance of the tissue, 
while abundant rainfall followed by warm, cloudy weather is favorable ^ 
(65 to 85°F. with relative humidity of 80 p)er cent or more), sinoe dissemi- 
nation is more likel.t, while the -tissues ^c<^me gorged with cell sap and 
an? more easily invaded. In some sections blossom blight will not occur 
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unless there are active blight cankers producing exudate which can be 
disseminated when the blossoms are in the susceptible state, This is not 
necessary in Arkansas according to Rosen (1930), who reports beehives 
as the sources of the pathogene for first infections. Pears, esp)ecially in 
the Pacific Northwest, generally escape blossom blight, because they 
generally come into flower before holdover cankers have become active, 
J)ut exudate is being produced in time to start an epidemic of blossom 
blight in apples. Clean cultivation promotes fire blight largely through 
stimulation of growth and the production of succulent tissues, in contrast 
to orchards in sod or some cover crop. Fire blight is likely to be severe 
in irrigated orchards, since the use of irrigation water is frequently exces- 
sive and promotes a more rapid growth than occurs in many non-irrigated 
localities. Fertile soils supplied with abundant moisture favor fire 
blight in contrast to poorer soils which lead to a slower and less succulent 
type of growth. Stewart (1921) demonstrated that twig blight is 
increased in severity by heavy applications of stable manure or of other 
nitrogenous fertilizers, and Orton (1915) makes a similar claim for the 
collar-blight type of the disease. 

Host Relations. — Fire blight has been of first importance as a disease 
of pears, many varieties of- which are exceedingly susceptible to the 
trouble. It is of next importance in the apple orchard. While it occurs 
sometimes upon apricots, plums, prunes and cherries, it is a disease of 
minor importance on these hosts. The principal phase of the disease on 
prunes is the twig blight of either nursery stock or young treses. A fniit 
blight of cherries in the Yakima Valley was shown to be due to the blight 
organism (Hotson, 1915). The quince is very susceptible to fire blight, 
and while of little importance as a fruit it frequently serves as the pro- 
ducer of holdover cankers, which are a menace to the commercial plant- 
ings of apples or pears. As ornamental shrubs or trees, quinces arc fre- 
(piently neglected and allowed to produce holdover cankers, unmolested. 
Fire blight also occurs on the loquat {Eriobotrya) m Florida, Georgia, 
Texiis, and California and has recently l>een reported (1921) as affecting 
the medlar (Mesjnlusi) in New Zealand. The disease also attacks certain 
other wild or cultivated species, as wild crabs (Malus), hawthorns 
(Cratoegufi spp.)y s^Tvice berry {Arnelanchter cayiaderms), the r(‘d-borricd 
(California holly (Ileteroweles arbuhfoha)^ the American mountain ash 
(Sorbus americaua), and the Kuropoan mountain ash (N. aurupann)^ 
<\umce (Chcpriomeles lagenarin)y the fire thorn (Pyra- 
carttha cocci aca), wild and cultivated strawberry {Fragaria spp.), raspberry 
and blackl>erry {liubus spp.), rose {Rosa spp.), and spiriea (Spircca 
K vankoHUtt). The English hawthorn which is used in ornamental plantings 
or for hedges is very susceptible, and during the blight epidemic of 
1914-1916 in Washington it was frequently ^ound tc?be severely affected 
rather general plantings of hawthorn hedges for windbreaks around 
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orchards New Zealand has seriously complicated the control of fire 
blight in that country^ since they served as a harbor for holdover blight 
to be carried into adjacent fruit trees. 

Practically all of our cultivated pears and apples are verj’^ susceptible 
to blight when growing in the nursery under conditions favorable for the 
development and dissemination of the malady. Opinions vary some- 
what, however, as to the susceptibility of the different varieties under 
orchard conditions. Of pears the Bartlett, Howell and Flemish Beauty 
are generally reported to blight severely and rapidly, while the Kiefer, 
Seckel and Winter Nelis are more resistant. Blight is sometimes checked 
in grafted trees when the disease in the susceptible scion reaches the more 
resistant stock. The search for resistant pear stocks suitable for com- 
mercia use has recently occupied the attention of agricultural investi- 
gators. Certain Asiatic species and especially Pyrus caileryana and 
certain forms of 1\ ussnriensisy brought from China by F. C. Reimer, are 
of especial promise. The need for a resistant or immune ^tock is espe- 
cially urgent to prevent the serious losses from body and c<^llar blight. 

There is a general agreement that the Transcendent crab and the 
i’lsoims Spitz('nberg are extremely susceptible. It is not uncommon to 
find tjie Transcendent crab very heavily blighted, while surrounding 
trees of other varieties are only slightly affected. From such very sus- 
ceptible trees the disease may spread later to the more resistant varieties 
if conditions continue favorable for its development. In many localities 
Sj)itz trees are being discarded liecaase of their extreme susceptibility to 
blight Reports on the resistance or susceptibility of various other apple 
vaneties vary so much for the different localities that their behavior 
cannot be predicted with certainty. 

Preventive or Control Measures. — Ever since fire blight has been 
known, unscientific and unreliable methods for its cure or control have 
boon proposed from time to time Even in recent years unsubstantiated 
claims have Ix^en made of the effectiveness of internal dosage or of external 
applications— patent nostrums or blight sjiecifics. These remedies has 
been put on the market either by unscrupulous manufacturers or by 
well-meaning but misguided enthusiasts. Suffice it to say that hone has 
stood the test of science and practice. When fire blight once becomes 
ostabhshed in a region, eradication is out of the (piestion, and its severity 
may be expected to vary from season to season, sometimes ^smouldering, 
sometimes bursting out into epipbytotic form. Tho palliative or control 
practices which are available fall mainly into five categories; (1) modifi 
cation of the susceptibility of the hgst; (2) control or elimination o 
insect carriers; (3) the avoidance of very susceptible hosts as.windbreakj 
or for ornamental plantings in the vicinity of orchards; (4) tree surgery 
(5) the use of resistant or immune varieties or stocks. 
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1. Attention should be given to planting and to cultural and irrigation 
practices and an attempt should be made to produce a notoal growth 
with no excessive stimulation and overrapid growth. Trees which have 
made a moderate but firm, thrifty growth will be in better condition to 
withstand blight when it does strike. In case the disease appears in 
severe form or becomes epiphytotic it will 1)0 advisable either to discon- 
tinue or to modify tliose practices which promote the formation of rapid- 
growing, succulent shoots. These practices must be varied to meet the 
needs of different envirorimcnts-'sometunes the use of less irrigation 
water or tfie cessation of cultivation, the development of a weed cover or 
of a secnled cover crop to utilize the surphis nuvisture, the avoidance of 
barnyard manure or other nitrogenous fertilizers, thei avoidance of heavy 
or excessive pruning, or permitting the trees to produce a heavy crop 
with only inoderat(* thinning, limning trees so as to produce an ('pxin 
or vase tyjx^ of growth, with as great freedom as possible from w^ater 
sprouts and fruit spurs near the mam trunk or on the large branches, 
will lessen t!ie danger of body blight or collar blight. 

2. The recognized importance of cert.'iiri insects in the transmission 

of blight certainly dictates that known earners should be checked in their 
develot)ment in so far as possible. Merrill (1915) has cited a, striking 
illuvstration in tlie case of aphid control: Jonalhan trees sprayed wilft 
Black-JjOaf 40 were practically fre<‘ from biighl, wlule adjaceni unsfmiyed 
trees wen' veay seriously infected. Selby iOlo) has emphasized the 
importance of using contact insecti(*id(‘s, stopiach poison'^ and refH'llant 
sprays and barhers to give the best control of lh(‘ insect carriers, 

such as 

. . f)latit red hugs tiie, tarnished plant hug, Ix-es at hlossoiuiiig time (?), 
I)ark l)(‘(‘tles, i)iirr(Aving mp) twins, and probably iuany otliers uhicli the 

leav(*s or bud<. sa('k tho saj) from tlu twigs, make iurisions into tbe l»ark to lay 
(lieir eggs or ereoj> into llio ere vic(‘s and wounds for tec'ding and 'dielter. 

McCown (1020) reports that a 1 .‘i aO Bordeaux apf)lied wdien trees 
were in full bloom reduced the infection 52 to 70 fXT cent for apples and 
01 |)er cent for jjears. 

3. In Now Zealand tlic ex|)erieiice with hawthorn heuges and wind- 
break.s has showm the folly of usmg a very susceptible host for such a 
purpose in the planting and pl.arming of commercial orchards. I'ho 
most remote corner of the world may lx? reached by fire blight sooner or 
later, so the menace of susc^eptiblc hosts as possible bearers of holdover 
cankers should always be kept in mind. The neglected orchard must 
also be recognized as a menace. 

4. The* surgical treatment for blight should begin during the period 
of winter pruning. Careful inspt^ction should l)e made and all cankers, 
especially those on the trunk or larger limbs should be cut out in order to 



BACTERIAL DISEASES OF PLANTS 


357 


lessen the number of holdover cankers. If alT blight lesions could be cut 
out, the disease could be eradicated, but the most careful examination 
fails to locate every case. Early spring examinations, if made carefully 
and frequently, should reveal cankers that have been overlooked and 
these may be removed before exudate has been formed or before much 
opportunity has beem offered for dissemination. Small branches bearing 
lesions should be removed by a out several inches (4 to 6) below the 
external evidence of diseased tissue In case of cankers on large limbs or 
.runk, the diseased tissue should be completely removed, and the cut 
extended well into the adjacent healthy bark. None of the diseased 
prunings and material excised from cankers should be allowed to he 
around in the orchard, but should be collected and destroyed at once 
In cutting out blight, the cutting instruments and cut surfaces should 
carefully sierilized When the surgical method was first put into 
ofx?ration, mercuric chloride or corrosive sublimat(\ 1 to 1000, was 
adopted as the standard sterilizing agent and for many years its effective- 
neSvS was not questioned. Reimer has shown that it is ineffective for 
sterilizing cut surfaces, since the mercury combines with the organic 
substances from the cut tissue to form albuminate of mercury, an inert 
compound 11 is, however, effective in sterilizing steel instruments 
Mercuric cyanide has been found effective on cut surfaces but not on steel 
in.strtimenls, so a combination of the two is now being recommended. 
1 ounce of each to 4 gallons of water After disinfection, the exposed 
surfaces made in cutting out lesions or pruning large limbs should be jiro- 
tected by a coaling of eithei Bordeaux paint or a^ihalt paint This 
coating should Ix' renewed from time to time so as t(^ keep (he wound^ 
ilioroughly protected. In cases of trunk cankers or collar blight with 
U»«ion^ that extend over halfwa> an«und, surgical treatment w'ill Ix" of 
doubtful value unless bridge grafting is resorted to 

More reeently (Day, 1t)24) a modification of Keimer’s formula ha*s 
been propos'd as follows: 

1 ounce 
1 ounce 

This has been shown to be more effective than the old formula consisting 
of the meicunc eyamde and corrosive sublimate alone The glycerine 
increases the penetration of the disinfectant and delays di^dng so that 
the chemicals remain active for a longer time. The addition of fuehsine 
red or other water-soluble aniline stain has been recommended’ to give 
color to the treated surfaces so that the operator can be sure that all cut 
surfaces have been covered. ' 

‘ C ARDiN'ALj H A.: Sciffue 60: 455. 1924* 


Mercuric chloride 
Mercujic (viuiide 
Olyci'iinc 
Water 
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The scarification method is recommended (Day, 1924) for the treat- 
ment of infections on the trunk or large limbs, but this should be carried 
out tefore the blight has penetrated too deep. In this tref^tment the 
xlead outer bark is shaved down with a knife or special scraper until most 
of the diseased tissue is removed. Special attention should be given to 
the crotches, and the thick bark there and elsewhere should be cut away 
nearly to the camluura, but not loo deep, as the cambium may be injured 
by the fienotration of the disinfectant. No surface bark should be Wt 
anywhere in the scarified area and the cutting should extend 4 or 5 inches 
Ix'yond the advancing edges of the canker. \s soon as scarification is 
completed the entire cut surface is painted with the mercury-glycerine 
disinfectant. It is reported that careful workmen in ('alifornia secure 
control in 80 to 95 per cent of the cankers treated by this method. All 
hopelessly diseased trees should be cut oui and destroyed at once, as they 
are a constant menace to the other healthy trees. In treating collar 
blight the sod should lie removed from around the crown and all diseased 
tissue cut out, using the same method of sterilization as for other locations. 
Allow the wounds to dry thoroughly and then coat with asphalt um iiaint 
or lead paint (preferably the latter according to Orton), and after this 
has dned carefully replace the sod around the collar 

Since the scarification method was too ^low and laborious to be prac- 
tical during severe epidemics, a more rapid method has been adopted by 
some t\alifornia pear growers (Day, 1928). NTew cankers on Ihe^larger 
branches or trunk are painted without any rutting with a zinc chloride 
solution made up in three strengths, 53 cent, 13 per cent and 33 per 
cent in water, hydrochloric acid and denatured alcohol, the ^strengths 
being varied according to age of trees, size of roots or branches and rho 
temjieralure which prevails. It is claimed that with I his inelhod 85 to 90 
per cent of treated cankers are cured, with careful work. It must l>e 
emphasized that the ireatmenl i^ somewhat uSlcertain, because of darigor 
of killing by too deep isuK'tration of the solutions. 

The need of firacticmg summer cutting of blight wall vary with the 
locality and with the varieties of fruits involved In the majority of 
cases summer cutting in ap; le orchard.^ is not necessary if careful atten- 
tion IS given to the removal of all holdover cankers during the winter or 
early spring In the case of pc'ars, especially the more susceptible 
varieties, ‘-umrner cutting out of blight may be necessary to hold the 
disoa'-o in check. 

5. Thi s(^‘le(‘ti('n of resiMant varieties offers soint‘ relief, but unfortu- 
nately nriny of the most valuable commercial fi uits ar(‘ highly buseeptible, 
esi3ecially [x^ars The hope for a solution f)f the pr(>blem for [xsar growers 
lies in the discarding of the suscepliblo French stxxlling stocks which have 
been genen^lly used, and substituting the most valuable resistant stock. 
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Of all that are available, certain strains of Pynts ussuriensia and P. 
calleryana offer the most promise. 
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CROWN GALL AND HAIRY ROOT 

Pseuflomonas iumcfa< tins (S A I ) Oug,gai and I^sf udomotlai^ ihi^oqive^ 

( Hikei it al ) 

These diseases manifest themstdves on various woody or herbaceous 
plants by the foimation of tumor-like enlargements at the crown or on 
other parts or by an excessive production of org.inh (roots, shoots) In 
both ctuses the abnoimal development is an uncontrolled hypt'rpLusia, 
resulting in tumors or galls of varying size and form or in the production 
of organs, frequently out of nonnal position and in excessive numbers 
Because of the frequent location of the galls on the stem or trunk at or 
near the ground level the disease has been known as crown gall, but 
various other names, such as crown knot, root knot, root tumors, cane 
galls and bf^ek knot, have been applied to the tumor forms with slight or 
no root production, while hairy root, woolly root end woolly knot are 
names applied to the phases of excessive root production 
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History. — Typical crown gall of various plants haslt^een known for more than half 
a century. Early French and German writers ascribed the trouble to frosts or t(i * 
inechanical if^uries. This disease has been recognized by nurserymen in the United 
Slates for many years, and has been the subject of much discussion and study since 
]StX). It has been suggested that the disease was introduced into this country wntli 
European importations since Wurzelkropf ” of apples and pears, which is apparently' 
identical Avith crown gall, was described by Sorauer as occurring in Germany in 1886 
and earlier. Owing to its wide distribution in the IJnite<l States, crown gall hafe l>ecn a 
frequent subject for investigation by Expenmen t Station and Federal workers, and 
as a result a voluminous literature has developed. Between 1890 and 1900 varying 
opinions were prevalent in the United States concoming Ibe nature of crown gal’, 
some workers pointing to its probable infectious cliaraeter, w hile others decided '‘that 
these root galls arc not the Avork of a parasite, but are a malformation following some 
injury' of the root or some uncongenial eondifion in soil or treatment ” (Bailey, 1896) 
Cavara in Italy (1897) was the first to proA e the bacterial nature of the disf^ase on the 
grap(‘, but his M'ork, a*- well as that of seA’cral othiT writers of southern Europe, avhs 
cither OAv-rlooked or discredited In 1900, Toume> published an “inquiry into tin 
cause and naiurf of crown gall,” in Avhieh he demonstrated the infectious nature of the 
disease and arriA’cd at the coiiclusiou that the causal organism was a new species ot 
slime mold to aaIiicIi he gave the name of Dendrophagus gloho^ns. The writer lecog- 
nized tln» incompUdenoss of his work and the uncertainty of his conclusions, but no 
)K)siiivc pi oof of his error Avas forthcoming until Smith and ToAvmsend of the Bureau ul 
I'lant industry (1904 -U)06) isolated a bacterial pathogene from galls of the Pan^ 
daisy, ^'hrjp'anthemtm frutescenhy and were able to produce galls readily by inocula- 
tions w’lth pure culturo-s. They gave the name of Bacterium tumffaciens to this organ 
ism, wldch has since proved to be the cause of the various liyperplastic response- 
characttnstio of this disease on various hosts. Jt seems probable that H(‘dg(‘oek 
isolati'd th(' same organism troin grapes in 190o and again in 1904, since he record*- 
Hiiccesstal jHincturc inoculations from an organism iirodncmg a white colony 

riio hairv-root diseasi* was first brought to our attention by Stewart, Rolf.-> and 
Hall in ItMK) hv their d(\seription of the snuplc* form on apple seedlings. This and 
three othei lorris of hairy' root have since been recognized by Hedgcock (1908- 1910) 
What IS apparently identical AVith Ih# >erial form of hairy root has been desorihed as 
“Kropfn laser” by Sorauer (IHSv/) and Urauk (1896) and more recently' by other 
European workers. 

Since the publication of the conipH liensive I illetin by Smith, Browm and Town- 
send (1911), Smith has published numerons pap* -s shoAA'ing ihe relation of crown gal! 
to human cancer C. f). Smith AAorking in California has eontrihuted valuable dat s 
(1912; 1925) eoncenimg the sy'inptoms and effects of the disease on many difTerent 
hosts Recent work by Hiker (1923) and by Rolnnson and Walkden (1923) mti* 
w'orthv of note snu'c the oonrlusions an* not in arcord with the earlier oliservations 
of K V. Smith 

Since the determination of the bacterial ongn of crown gall, workers have been 
directing their efforts again to find effective oontn»i measures and also to find out the 
degree of injury caused by the disease in the orchard. In this connection mention 
may be made of the w'ork of Ness iii Texas (1917) ami of Melluis and JVIaney in Tow'a 
(1921) on contiol, of Swmgl(3 and Morris m Montana (1918) and of Green and Melhus 
in Iowa (1919) on extent of orchard injury. The jiapers and resolutions resulting from 
the croAvn-gall bymposinin held at Cincinnati, Dee. 28 to Jan. 1, 1923-1924, have been 
printed and distributed by the American Association of Nurserymen (February, 1924)* 
and give valuable data on the amount of injury from the disease ‘The detailed 
studies during the pasf few' years by workers at the Wisconsin and Iowa Experiment 
Stations (Keitt, Melhus and eoworkers) have lK»en fostered by some financial snpiKirt 
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from the American Afesociation*of Nursery men, and it is the culmination of these 
iri\cstiga1ions that has levealed the etiological separation of crown gall orooer and 
hairy loot or voolly knot as distinct diseases 

Geographic Distribution. Crown gall on \anoll^ hosts is now known m practically 
all paitH of the world, but, in gciUTal it reaches its greatest seventy in the regions Of 
high teiiipeiatuies, as may be illustrated l)\ the fa( t that it is more abundant in the 
soulhoin states from \ irgnua to T< \as thjii in the more northeiii states, although it is 
not uncommon in Canada In somt f*f the mon nortlieni localities the disease seems 
to be csju'cially sevcie on (oatain hosts for example, on lilackbernes in the Puget 
Sound'coimti V and on rasjiheirics m UiMonsm R(‘cent investigations have shown 
the marked influfuiec of soi* tempeialuie and inoislure m the development of the 
disease, so it Tnay b( that abundant moistuie in (crtain cases will more than counter- 
l)alance the letardmg infliaTue ot modeiste tenipeiatures Altjioiigh crown gall has 
be( n kiKiwn m Kiirope f<^r in inv v< ai'* and has been leported Irom Asia, South Afiica 
New Zealand and South Aimuica, most ot oiii knowledge coiucrmng the disease has 
come from AincTuan workers 


Symptoms. -Two genoinl types ot abnormal growth aie characterihtic 
of crown gall: (1) typical overgrowrths or tumors, true gaLUy of varying 



form and size, located on the crowns, roots, stenm or leaves; (2) excessive 
or abnormal developnioni of organs either with or without an accompany- 
ihg tumefaction The true galls on fruit trees arc so commonly found at 
tlio bahP of tlie tiuiik jns( Ik'Ioa the j*roun<l level, on the part called the 
crown, that the eotntnon name "crown Kali” was suKgcsted. and this 
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name is frequently applied to the tumors found cm other parts of the host. 
These galls may be irregular globular or elongated in form with more or 
less convolut’dfd surface, the size varying somewhat with the size and \igor 
of the structure from which they originate, sometimes exceeding this 
SIX to ten times in diameter. In actual size they vary from that of a pea 
gigantic overgrowths weighing 50 to 100 pounds, .although this maxi- 
mum size is rather uncommon. The surface of young galls is almost 
white at first, but this later changes to the color of surrounding normal 



Pk. 04 (Vown K«ill on rofl(‘S grown under gl»hs. Infi*' iioa thiough pruning 


parts and may c'ven become darker from the dec.ay or vseathering of the 
surface celW. Most of I he tumors are made up ('f sucv‘uli'01 tirid inifX'r- 
fectly vascul.aii/.ed tis.sue, and have' been lenned “soft cjoun ills.” 
These soft eiown gall« on young woody roid‘x or on li(‘rb*iccous jilanis 
jitrartiliy decay at the end of the growing season and do iu>{ produce 
roots fiom tlieir surface. In p<*reimial, woody hosts like thc^*tippl(', thc' 
tumors may ix'rsi^* and develop a cc.vcrmg of bark and an inlc'nor wood} 
structure*, constituting the so-calkd “hard crown galls.” In llu* light of 
leceiit investigations it se<*ms pror/able that many of thc'se hard galN an* 
in reality overgrowths or callus enlargements resulting from graft misfits 
(Rikcr and Keitt, 192b; Mclhus, 1926, Muncie, 1930). 
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Id some hosts, such the daisy, grape, quince, apple, blackberry, 
rose, willow and poplar, the galls are very frequently prod^iced on the 
aerial parts as well as at the crown or on the roots Cane galls may occur 
on the grape, often up to 3 to 5 feet above the ground, in the form of 
isolated or confluent excrescences that are often more or less elongated 
parallel to the length of the cane. These are at first like wound tissue or 
callus in apf>earfiDre, but later in the season become dark brown or almost 
black due to weathering and decay of the outer tissues, and in this con- 
dition suggest the common name of black kno* which is freijucntly 
applied tc/ this phase of the divsease on the grape. ( ‘ane galls are conimon 



Fi<; 100. BliickUrr> I'ant's showing difTm*nl degieoh of inj«r\ from <*;njo gnlls 


on the blackberry, especially in the Puget Sound country These arc 
generally in the form of v«'ry much elongated, more or less convoluted 
excrcsofiices frequently involving the enhre circumference of the cane 
and result in longitudinal splitting and cracking 

Tn the hairy-root discfise there is an increased and abnormal produc- 
tion of roots or of incipient roots, the following forms lieing leeognized; 
(1) simple hairy roofj characterized by numoroUvS small wiry roots growing 
singly or in tufts from the mam roof or from the base of the stern with 
little or no enlargement; (2) the woolly-knot form, initiated by the forma- 
tion of a tumor, which soon produces many fine roots from its surface, 
with intricate branching and frequently with faaciatiqn; (3) the broom-root 
< vpe, consisting of a broom-like grouping of fine roots, usually at the end 
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of a side root; (4) the aerial form, appearing first on trunk and limbs as 
smooth fleshft^ swellings developing incipient adventitious roots internally, 
which, with progress of the malformation, brc'ak through the liark and 
produce warty knots. Under normal conditions these roots make no 
further development, but cuttings containing the earlier stages of the 
disease will produce normal roots if supplied with suitable moisture 
conditions or if placed in m(iisl soil. The aerial form is macroscopically 
indistinguishable from burrknoi (Swingle, 192^0. 

Recent observations and invest iirat ions (K. V. Smitli) have shown that 
aerial tumors ma}^ give rise to leafy shoots or flower buds as well as roots, 
the tj^iie of develfipmenl depending 
upon the kind of tissues infected. 

\ anous i vpes of ihese artificial 
leratomjis nre figure] by Smith 
Introduetion to Racterial l)is- 
(visos”) on ca uiiHowfU*, castor-oil 
beans, lobaeeo. Pelaigominn and 
orange^ I’oi e\arnpl(‘, an infection 
on t})e ciil end of an inbunode of a 
lobacco ^tem produi'od 100 closely 
bunched, Uadv shoots. Artificial in- 
fections of variou'' liosis fiave aW) 
resulted in tia* formation of typical 
fascia tion^’, and tlio same writer has 
rei'oided a tyiiical ri)s(»tte or witches - 
broom development of the carnation 
which was prc^verl to be du(‘ to the 
crown-gall organism. The extent 
to which fascial ions and similar 
abnormal develoiiments which occur in nature may be manifesta- 
tions of the crown-gall organism or of 1 lu* hairy root organism is uncertain, 
but thf* e\p(Tinient al results liave shown that brictena arc at J(‘ast one of 
I he pfjssible cau'^al factors in these diseases. 

V\e may have all varieties of stimulating swmdary effects on normal tissue 
from prolapsis (jf uninjured leaf and flower huds and root anlage located in the 
vacinity of tumors, througli simple fusions or divisums ( fascia tions), to the 
breaking up of the dormant hud, or of a camt>iuin into do/5( ns and even huTidre<Ls 
of small vegetative fragments whieh may either grow as roots or shoots on the 
surface of a tumor or be buried in its depths (E. E. Smith). 

Economic importance.— Crown galKand hairy rot «L miniiit-r>L Liivjiii- 
selves in such a variety of ways on so many diflferent hosts that It is impos- 
sible to generalize as to the kind and extent of injury which may result, 
The amount of injury varies with the host, its age at time of infcctioBi 
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location of the tumors, number of infections and the type of^ost response. 
In the various cases the following effeicts have been recorded: retarded 
growth and dwarf development with undersized, chlorotic foliage; the 
killing of branches, canes or loots from the presence of localized cancerous 
lesions; and more rarely the death of the entire plant. In fruit trees the 
infections of young stock are more likely to cause injury than infections 
on older trees. The various writers agree that crown gall is a serious and 
destructive disease of almonds, peaches, plums, grapes, blackberries and 
raspberries, and is directly or indirectly responsible for the unprofitable 
condition of plantings in various sections of tht country. The lesions 
on the crown or roots are sometimes avenues of entrance of rot-producing 
fungi which cause desiructive decay, '^rho reports of different workers 
on the injury to apple orchards from crown gall are somewhat conflicting. 
Hedgcock noted practically no difference between healthy and diseased 
trees 6 years after planting. Swingle and Alorris (1918) report observa- 
tions on affected trees in the orchard through a period of 7 years anrl 
conclude that affected trees are generally poorer than those unaffected, 
the disea.se causing dwarfing of top and esj^ecially of the rool syslein, with 
interference with food ct)nduc1ion and mechanical weakening of the crow'n 
{ind roots. According to their evidence, “it would be better for an 
orchardist to pay the regular price of healthy stock than to plant f?rown- 
galled stock if he could get it free.'' According to Greene and Melhus 
(1919), galled trees grow more slowdy than iu)nna] ones, with reduction 
in trunk diameter and in number, len^cth, thickness and waaght of twigs. 
In this connection it is significant to know that the rale of flow’ of w’ater 
through galled apple stems is reduced by 30 per cent over that of normal 
stems (Melbus et a2., 1924). In general, hairy root seems to be of less 
consequence tVian the typical tumors. In the light of recent work it is 
uncertain whether true crown gall was always used in these tests. 

The Vosses are not o/mtined to the orchard, since there is fnapumtly a 
heavy infection of nursery stoek at the time it I's ring for dt'livery The 
present practices in nursery ins{H_H‘ti()n call for the rejection and destruc- 
tion of all stock showing any evidences of the disease, regardless of the 
or vjincty involved. T^iirsery losses up to 70 ])Ot cent have Ix^en 
recorded, llecent work, how^eve^ (hiker and K'eitt, 192o, and later 
workers), has led to the eonclusion that a large per cent of the malforma- 
tions calkVl crowui gall or hairy roof are iru'rely the results of excess callus 
formations. 

Etiology. ™ True crown gall is caused by a sf)ecific bacterial paihogene, 
Pseudornonafi tumefacu-nH (H. k T.) Dtiggar. The organism was first 
isolated from galls ontho Paris (fai.sy by Smith and Townwmd (1904-1906) 
and described as Bartenum tumefnnen.s^ while acooirding to th(‘ classifica- 
tion of the Society of American Bacleriologi.sl.s it is Phjtovionan tumefa- 
ciens. ^The pc< thogenicit y of this organism was demonstrated bv numerous 
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successful inoculations on various hosts, and it has since been repeatedly 
isolated fro/n true crown galls on various hosts by other workers. Using 
the strains from the daisy and hop, K, F. Smith recorded the production 
of galls on 40 kinds of plants belonging to 18 farrlilies. C. (). Smith using 
a strain isolated from the peach made successful inoculations on 30 or 
more species and varieties of fruit, nut, and shade trees. Following the 
work of Smith and his associates there was a tendency to attribute various 
aerial and subterranean overgrowths or malformations to the crown-gall 
organism, frequently without adequate proof. It has been ^hown by 
more recent studies that many of the overgrowths on apple-nursery trees 
discarded in nursery inspection as crown gall are in reality the result of 
graft misfits (Riker and Keitt, 1925, 1926; Melhus, 1926; Muncie, 1930). 
As an illustration, Riker and Keitt found that 86 per cent of 407 crown- 
gall rejects of apple-nursery stock did not yield any crown-gall bacteria 
when tested by cultures. 

At first it was the belief that all forms of crowm gall including hairy 
root were due to the single species or strains of that species, but several 
different workers have shown that there are marked differences between 
the apple organisms causing woolly knot and hairy root and the ones that 
cause typical crown gall on various hosts (Sicgler, 1928, 1929, 1930; 
Muncie, 1930). This differentiation of the two forms (Riker et aZ., 1930) 
has culminated in the recognition of the hairy-root organism from nursery- 
apple trees as a new species, Pseudoniomis rhizogenes. These workers 
isolated the hairy-root bacteria from 78 of 96 enlargements of the 
hairy-rool type including woolly knot and reproduced typical hairy root; 
by inoculation, followed by t he recovery of the organism. Also the liairy- 
root organism inoculated on apple sterns above ground gave malforma- 
tions which resembled sin.all burrknofs Similar results should be 
credited to Siegler, who jireviously (1928) reported tlie production of 
malformations identical with the aerial form of liairy root (biirrknot) by 
inoculation of appl(‘ with the W(»o]ly-hnot strain. It appears to l>e true 
that hairy root and burrknots (Hrown, 1924; Swingle, 1925) may iinse 
independent of the stimulation by F. rhizogeneny but the evidence a])pears 
to be conclusive that a certain percentafie at least of these rnalforniatioris 
are of bacterial origin. Swingle (1925j has contended that many of the 
knois descrilied as aerial hairy root are m ii-ality burrknols or normal nxit 
develojnnents peculiar t(' certain varieties. VMielher the failure to 
isolate the liairy-roof bacteria from burrknots, as royiorted by several 
workers, indicates their n(>n-parasitic origin is an opim question since 
there may be an early disappearance of the pathogeno, as others contend 

The following are some of the more hnportant differences lx*(ween the 
two organisms, })oth of which are typically small rods producing small, 
slow-growing, circultir colonies that are raised and glistening translucent 
(Hiker et nl , 1930): 
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Crown-gall organism: Not motile in hanging-drop culture; shows strong absorption 
of Congo red; size 0.75 to 2,25 by 0.30 to 1.05 a 4, average 1.43 by O^m; produces 
smooth galls devoid of roots. 

Hairj'-root organism: Molilo in hanging-drop culture; shows weak absorption of 
Congo red, size 0.55 to 2 59 by 0.15 to 0.75^*, average 1 44 by 0.43/^; produces 
galls with roots 

Muncie (1930) lefiortR ni least two strains of hairy-root bacteria, one 
of which luis polar flagtdla nml is closely related to P. tumefdcienSf while the 
other is staleil lo have penlrichous flagella. There seem to bo some 
discrepancK'h in tlie obstTvatioiis on flagellation by various investigators. 
Hill c( al. (193(1) claim that crown-gall isolationt^ arc motile in hanging 
drop hut not when taken direct from the liost. 

The crown-gall bacteria are tiUercellulai, occur in large numbers and 
appear to 1)0 largely confined to the mor(‘ superficial portions of the gall 
(Robinson and Walkden, 1923) rather than intracellular' and few in num- 
Ikt, as was at first reported V>y K. F. Smith. It has been demonstrated 
that the bacteria advance ni tlu‘ intercellular spaces in .the form of 
zooghral strands (Robinson and Walkden, 1923; Hill ei ai., 1930), and it 
is contended ihat this advance may account for secondary tumors rather 
than th(* invasivx' growth of (iimor tissu(‘ or tumor strands, as had been 
contended by Smith, 

The crown-gall and hairy-root bacteria are very widely aisinbuted 
organisms and are apparently native in many soils, where they may lead 
an independent life or persist in old galls. It lias been shown that crown- 
gall bacteria can overwinter in the s< il under Iowa condi lions at a mmi- 
muni ttMiijKuatiire of -~32'^C. They were kept in sterilized soil in the 
laboratory for 736 days (Patel, 1929); also infection of tomatoes was 
successful from both sealed and unsealed soil cultures after over 500 days 

Both of the groups of organisms appear to be unable to enter normal, 
uninjured tissue, but they can readily establish themselves through 
mechanical injun(‘s of many lyp(‘s, such as pruning and grafting wounds, 
insect iiijuri(*s, etc. Tlu' presence of the bacteria does not kill the affected 
tissue but stiinulaios the cells and thus causes an abnormal and rapid 
cell division, some cells being reduced in size, and others enlarged, leading 
to the formation of tumors or to the abnormal development of organs 
The period of incubation before the api:>earance of an evident gall varies 
from 5 days to several weeks on various hosts, and in some cases the 
organism may remain dormant for months lx‘fore any evidence of an 
infection can be noted. The gall formation is dependent upon the growth 
of the host. 

The presence of the bacteria on the surface of developing galls will 
explain a number of features: (1) the difficulty of isolating the causal 
organism from the interior of galls; (2) the continued fncnstematic activity 
ot ihc lissuch close to the surface; (3^ the ease with which soil may 
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become contaminated, since water must wash many of the surface organ- 
isms into Iht? soil. The bacteria may reach wounds directly from con- 
taminated soil in many ways: by irrigation waters or splashing and 
washing from rains, by contaminated pruning tools, by insect carriem 
or possibly by wind-borne soil. The entrance through grafting wounds 
will explain the frequent position of large t umors at the crown of the apple 
and other fruit trees. 

The development of crown gall is influenced by the temperature, soil 
moisture and soil comixisition. (lalls vrere readily formed on tomato 
at 18 t(i 22%\; they were small and {Kiorly developed at 20 to 30®(\; 
and at 36 to 38°(\ none was formed. In carefully regulated air chambers 
no galls were formed above 30°(\, although the tomato plants grew 
fairly well. I'he largest galls for all }x.'rceiitages of moist ure were produced 
at 22"( . and were largest at 60 jkt ctait moisture for all temptTaturcMs up 
to 30''(\ (Hiker, 1026). B, iuniefaciens is intolerant of acid conditions of 
the soil. I’he limiting point in bouillon is given as pll 5.70 by Smith 
and Quirk (1926). The pfl m the meristematic tissues of tumors on 
tomato and l^aris daisy is given as 5.2. 

Brief mention ma}^ be made oi the claim (Lie.ske, 1028) that the crown- 
gall organism is a polymorphic form passing through a definite life cycl(' 
of tlie f()41owiiig stages: (1 j filterable-virus stago, (2) typical Pseudotnona.^ 
ium(J<v i( }t\, (3) a grain-positive form isolate<l from tumors; and (4) a,. 
Streptoeoeeus form. Kosen (1920) figured budding forms and claimed 
the recovery of typical crown-gall forms from th(‘ filtrati* passing through 
a Berkefeld filt(T. These refiorts are m keeping with th(' ivf^eiit claims 
of life cycles for other bacteria 

'^I’he eomparisons of crown <^all to malignant tumors in man has 
resulted in (lie application of the name '‘plant cancer” to crown-gall 
hypertrophies. Homologies have not been substantiated, and i he general 
consensus investigators .at present is that /^. tutnefacieus wall ntit eause 
animal eanet^r, idt hough there are some eoriflietmg si udies Kaufman 
has reeently rejKirted 200 inoeulations with various stiain^ on animals 
with negatn(‘ resulls 

Host Relations, ( rowm gall has l)een tound to oeeur md urally on the 
pome fruits, all of the stone fruits, various '^jxHaes ot Hubus i^ldaekberries, 
nisplx^rries and loganix'rries), currants and ^fu^seborries, grajH^ varieties, 
nut trees, such as wadnuts, pi'eans and alnumds, niinuTOUs waiody and 
herbaeiaius ornamentals, several deciduous-leaved trees, alfaKa, cotton, 
U'Ct, turnip, salsify, parsnip and hop. In addition to the natural infec- 
tion, many herbaceous and w’oody hosts have been successfully infected 
wuth pure cultures by I']. F. Smith, (). Wmith and othei-s. Inoeulations 
made by i\ (). Smith on the following gave negative results: “loquat; 
silk oak ((Irevilliea rdbuMa); (lerman prune; Pruuus dicifoba (wald lull 
cherry), Annua chenmolia; avocado; olive.^’ Natural infections and 
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artificial inoculations have shown a wide lan^e of susceptibility among the 
different species and in some cases m the different varieties of the same 
species Observations and experimental tests have failed to demonstrate 
any appieeiahle increase in resistance of a host as a result of re|M3atcd 
infections In j comparatue study of 45 \arietie-> of i^runus by C O 
Smith (1917) tne p<i cent of infection ranged from 0 to 100 P puimkij 
P ili( ifolia and P (aiolnnana remained free from infections Someof the 
more resistant vaiietus were Italian prune (P doym^tua^y 7 per cent, 
German prune, 10 i)ei cent, Damson {P irisititia), 10 |)er cent, as con- 
trasted with KlbertJ iwach, 94 per cent, Koyal apncot, 97 percent 
“Our most popular slotks, as Myrobalan, peach, apiicot and almond, are 
very susceptible, \\hicb onlv goes to confirm field obser\ations that the 
stock used for the stone fruits is \ery susceptible to crown gall The 
further search for resistant root stocks hits k suited in the discovery of 
promising resistant varieties of both Prunus .ind Arnydalus (G O Smith, 
1925) The cherry seems to be more rei-isiant than other «tone fruits, 
the Mazzard roo» shewing more resist.ince than the \I ihaleb p]nghsh 
walnut roots are much more susceptible than those of the California black 
walnut (Juglan^ califonura) which is now used as a root stock The 
aenal form, called filaik knot, is \civ common on quinces m the southern 
states, California and the Picilic Northwest, hut it docs n<;^t seem to ^luse 
senoiis injury to tins host (possibly some of these are non-infectious 
burrknots) (rrape vaiieties showing resistance are Concord, Catawba, 
Delaware arul ether Ainoricdii vaiieties, while ilie Fairopehn varieties, 
such as Muscat, Mission, Malaga and blame Tokay, aie more Susceptible 
Nurserymen report Ben Davis, FaHy Harvest, Yellow Tr^insparent, 
Wealthy, (inines, Northern Spy, Oldenburg, Wolf River, Red June, 
Gano and Rome Realty apples as susceptible, but coinpariatons show 
variation in resistance of the same vaneties from different regions 
Greene and Melhus report the Weilthv much more susceptible than the 
Jonathan 

Since the dcunite separation of crown-gall and hairy root is a recent 
development, there iniv be sonic discrepancies m the earlier reports as 
to refcistance Rovcnt studies have shown the tomato and tobacco 
practically itiunurH to hairy root (S^egler, 1930) Inoculations with the 
hairy-root organisTu har\e been successful on apple, rose, honeyvsuckle, 
sugar beet, I>ean and Pans daibj^ (Hiker ti al , 1930) 

I'he basis for resistance to the crown-gall organism is believed to be 
the acidity of the cell sap (Smith and (Juirk, 1926) They attribute 
the immunity of Begonia lu(enm to the high acidity of the cell sap and 
report that vanoiis other immune^ plants have cell sap more acid than 
pH 5 70. Muncie (1930) reports crowri gall on Humex enspns and on 
rhubarb, both of which are strongly acid. Infection ih such cases is by 
ihass action, and the bacteria adjust the reaction ahead of their advance. 
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Prevention and Control. — "I'hiB ir couiplicated by the large number of 
susceptible hosts grown under a great varietv of conditions, by the 
jx)ssibihty of cross -inoculation from the \arK)US hosis, by the widespread 
occurrence of the causal organum m the soil and the abundance of the 
<libeas( in nursery stock The practices that have been recommended 
ma> be discussed under the following 

1 Thi; ( \sc of Disease-free Stock Thi«! is provided for in part by 
nurber> insixction, but the grower should alwa)^ carefully examine young 
stock before ‘-etting in the orchard and discard any thaj shows evidences 
of the dise.ise Non-infootious overgrowths should also be discarded 
In replanting small fruits, like raspberries or blackl^ernes. plantations 
showing the disease should bo avfiided as n source of stock It is also 
lecornrnende d 'h.il trees should lie examined in the (orchard at the end of 

♦ he hrst >eii .mI either removed or treated if found infected 

2 Dippniq oj Plo tiling Stock -Since there are many opportunities 
for apparenlh disease Tree stock to be carrying the disease, treatment of 
planting ^tock with <l fungicide has been recommended by Ness 0917) 

The oiindle of tT(#& should ho ])hing* d deep enough into the solution so that 
thf trees uje covered to a disi nice ol s(\eril n olios above the collars of the roots, 
using 7 ouiicth coppe r sulphate to 2n gallons ot vsater for peaehes and 1 pound to 26 
gallons for ajiplcs, with an exposure ot 1 hour 

3 Caie tn Making Grafts and Theit Protection or Sterilization — This 
la of pnme importance, since most infections of nursery stock occur 
through the grafting wound'- Hedgeock obtained good results by 
wrapping root grafts with cloth md nearly as good protection by “a 
continuoiis-tliread wrapping applied by a machine evenly and closely 
over all the union ’ Flacking in smd and cold stonge die recommende<l 
lor loot grafts that must be kept for some time before phinting Meihus 
md Maney (1921) st ito that ‘ i cloth w^ip at present is impractical from 
m oc( iioniK il St mdpoint in the production of apple grafts,” and present 
evidence to show the \«ilue of dipping in an S-8-5() Bordeaux, either with 
or without lead iisenate Some promising re'-ults have also Jtieen 
obtained b> pi inting m soil to which inotulated sulphur had l>een added 

1 the rate of 000 pouii.ls jx?r aire (SherbakofT, 1925) Wade and Siegler 
( 192S) h n commended dipping seedlings and scions l>cfore and after 
giafting in Simesm (1 lOOy Oppcnheimer (1926) did not •find this 
method (‘fleet i\e but did g(*t le*- lilts when the grafts were puddled m a 
mixture of the fungicide, soil, and w iter The Semesan treatment did 
I'ot provimt galls on tomato (Riker and Keitt, 1926) Since non-parasitic 
overgrowths are more common than crowm gall and are also objectionable, 

♦ h(‘y §liould l)e reduced the lowest possible minimum by care in grafting 
file most important feature of which is the exact fitting of stock and scion 

4. The Prevention of Wotindinq —This applies to young stock in the 
nursery and also to young* trees in the orchard Breaking the bark with 
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the lioe or other cultivating tools at the crown is a common source of 
danger 

5 Rotation or the Selection of Clean Ground This is of esjx^cial impoi- 
lance since clean stock may become infected by pi intine, m eoniarninated 
soils This IS of more importance in the susceptdde stone fruits than in 
the moie resistant apples lund from which an infected planting ha^ 
been removed had betUi be planted to Mime immune or it least highly 
resistant crop before replinting to stone truits It is sifted that newly 
cleared land may sometimes be coni iminated with ciown gall which 
occurred on the mine trees or shiubs 

6 Svrqeiy - Iiadl_> infeitcd^ voung trees shoui 1 be removed and 
destroyed ratlui thin tu it(d ( utlmg out of the tumors on young or 
old trees is uns iiisf utoiy, siik the gills m n develop again at th( edge of 
*thc cut, but some good m i\ nsull If g ills ire remo\ed the \\ork should 
Ix' caiefully done and (he < ut sui face sterilized bv coaling with a Bordeain 
paint (bluestonc, 1^2 pounds -f- 1 gillou water, linu, d gillons + 1 
gallon water mix ccpul puts foi use) 

7 SauiUvy P)a(Uic\ A^oul mixing dntased and healthy nuisery 

stock at digging (iiiK Sipxrdt out 11 k ised s<o\k ind (k‘'tro> b\ 
burning is soon is pos^i) 1( llemtmlMr tint thf outini in ( wlv 
washed od froiii the galls uhI mn coin unniu ih soil oi infed ui> 

busccptible sto(k \\ h( ti pi in uig i m w ii(i in tlu pi ire (t in dd 

diseased tree, (ilhti use fusli niuonl imnul* 1 ♦ nil tor filling in uoiind 
crown and roots oi ^t(nli/< tlu sod witu \hi s nd imI Ioth, xldchyde 
drench (1 pint t hgilU)Ms, > giUon ]v squvH fi>oO in' ifii'eVxdon 
planting 1 oWi^w tlu m i 1 ]>l\i ' disli ill ai u n il ‘•bowing 

crown-g \U nulfi t n \t O’ s lo di tins mu l(iiti>*is^\ei(ep’- 

phylotn , foi ( \ i ipk t>T in ’ ^ du oii ’O'^i s un I( i » 

8 U^e of I (// (( c t it ^to< I < v mider ition of 

resistance should gin n* i h ) ( (d ui lu wtun onsistcm A\»th "lu 

hortieultui il ihmI of r (i n ^ n ( u ( ^ IK) t Idx ions) fhobdih 

mo’^t at tent !( n Ins ^ < j v. \< n l > <he ^(uv!> if u si \ ir\{ ‘.Unks idiptcd lu 
the stone fiuiN 
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CORKY SCAB OR ACTINOMYCOSIS OF THE POTATO 

Avtinornyrefi ,sc*a6/e,s (Thax.) Gussow tind other species 

This widespread diseiuse of the potato is characterized by the forma- 
tion of raised, level or depressed, scab-like areas upon the surface of the 
potato tuber Various common names have been applied to the trouble, 
such as common scab, potato scab, brown scab, Oospora sc^b, Ai/icncan 
scab, deep scab, but corky scab or actinomycosis of the potato have been 
sugigestod by Lutrnan (1914) as the most appropriate names. It should 
he noted that the potato suffers from several other troubles to which the 
name ^Scab” has been applied, for example, powdery scab (Sf>ongospora 
suh1prrayieo)y black scab or Rhi octonia scab {VorUcnim vaginn) and silv(‘. 
scurf, sometimes called silver scal‘ {SpotidyLocladi inn aIrovirent>). The 
disease in France is called gaU and in (»erinany Schinf. 

History and Geographic Distribution. - The first mention ol wab wiib made m 1825 
(IiOud(*us’ “Encyclopedia of Agnciilturc’^) as folkms’ 

“Scab, tliat is to ha\ , the ulceration of the surfaee of the tubers, has never been 
explauH*d m a satisfactory manner Some attribute i1 to the ammonia from the dung 
of the horse, others to Jilkali and certain others to the ai’.e of wood aahes (yi the soil. 
Not using diseas(,I heed and planting m other soil are the oi Iv knowm means of 
preventing the malaih ” “Since the organise - believed to be native to the soil, 
and according to our jueseiit knowledge and ohser\alion, exists almost universally 
m soil, espcTiallv in those which arc* well cultivated ni d ru h m humus, the disease is 
probablv as old as is potato culture I>oubtless it has e.xisted both m America and 
in Europe since first potatoes were grown” (Lutmnn, lOU'* 

The early Euro]>pan literal urr ib somew'hat confusing because of the occurreTice of 
the powdery scab in that continent, and Hnnipbrc> (1H89) called attention to thg fact 
that all fonn.s of scab were not alike, anti that the “Schorf ” of Gerireiny and the com- 
mon scab of England gnd America wcic identical. Various theories were pro|X)sed to 
explain the prevalence of corky scab, the })ossibihty of parasitic origin being suggested 
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as oarly as 1842, but it was iwt until 1800 that claims were made by Bolley that the 
(lisoaso was of bacterial origin and that Thaxter isolated and descnbed the true causal 
organism The supposed discovcrv' of the parasitic nature of the disease led Bolley 
to make the first tests of seed disinfection (1890-1893) with corrosive sublimate, which 
continued to be the jirevailuig disinfectant until the introduction of formaldehyde. 
The use of formaldehyde predominated until it was shown by (Hover (1913) that it 
was not .so efficient as mercuric chloride in the prevention of Khizoctunm, a trouble 
that has a very wide I'stribution Important contributions to our knowledge of scab 
have been made by' ijiitinan and Cunningham (lOH), and Lutmaii (1919) and these 
writers were the first to rec(^gnj/.e (he fact that the causal organism described bv Thnx- 
lor belongs to a group of the higher or filamentous baetena, the Actmomvcetales, 
although tueh a suggestion had been made by Kruger in 190.5 l>unng leceiit vears 
the experimental work has been largelv directed along two mam lines (1) determina- 
tion of the effectiveness of the different methods of seed disintocLion m sod treatment ; 
and (2) the stiniv of the influence of v^arious environmental tractors on lln^ ainoiuif of 
disea.se. 

Symptoms and Effects.- liasod on both symptoms i\nd causal organ- 
isms several typt^s of ‘-cab have been recognized: sliallow' seab^ decfi scab 
and kiH)})by scab ( W ulhuiweber, 1920). In later studies m llngland 
SIX tyf>es have been deseribed: 

1. Superficial, showing merely brownish abranon of the skin 

2. Ordinary scab with irregular concentric layers of cork around a 
central core or depression 

»3. Pitted scab, circular to irregular lesions, becoming deep td fi^m a 
pock or depression 

4. Stud scab fo'^rning an elevared warty growth (2 to .S mm with 
abrupt sides. 

5. Tumulus scab, similar to stud scab but with slo])ing sides 

6. Pimple s(ah or small, sifft, piniple-hke puslul('^ (Millard and Bun, 
1926). 

I’he scab lesions may show as slightly riiise<l or bulging, roughened, 
corky areas, or these may be nearly on a level with the remauidei of the 
potato skin, or a corky di^pre^sioii may occur 'Phe lesions ma\ bi ^mal! 
and few m number or numerous and larger and produei* a geneial infec- 
tion With little or no normal surface remaining Some obscuv at ions and 
experiments have shown a tendency for the scab lesion^? to Ik‘ segregated 
on the ‘^stem-emr’ portion of the tuber, except that this condition is the 
least evident v4)cn poi aloes are sub^ieeted to the U^mperatures at or near 
the optimum for scab development 

The normal symptoms may be modifier I by the work of wire worms, 
white grubi\ mites or millipefls, wdiieh freriuently ext md and deepen thc^ 
lesions Ihere are various other Miperficial tuber lesions which can gen- 
erally be recognized by the following characterizations* 

1. Black scurf or Rhizoctonia*scab, showing a.s black bodies, “the dirt 
that will not wash off.” 

2. Powdery scab ( Spongoapoia subierranea) With rather regular, 
circular lesions, with powdery or granular center. 
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3. Skin spot {Oospoja pustiUans)^ appealing as slightly raised or 
depi’essed, ^ark, circular lesions A-hich do not generally rupture the skin 
(see account of Powdery Scab) 

4 Silver scurf (Spondylorladmm aiiovirens)^ marked by irregular 
silvery patches, within which minute daik specks, the causal fungus are 
visible. 

5 Enlaiged lenticels, small groups of raisi'd, whitish cork cells occupy- 
ing the position of the normal structures 

6 Wart {Synchyinum endobiotu um)y small (r large, browm or dark 

warts which originate at the eyes • 



Tu lOJ C lb ol potato (AftfrLntmannridCuTimnohan*, \t Bui 184 .) 

riie firomiiK III ofTe^ls of scab may lx* < nurneraled follows 

1 Lowe ring of equality Sc^.bbtd potatoes ai( unsightl> >t is neces- 

jsrv to ninovt a thick paring when preparing the potato ior ( 0 (»king, 
thus causing a l(tss Ik i\ilv infected tubeisha^f a pe( iiluii eirtln odor 
or taste to vvhjch buyers frerpienllv or>]( ct tliere is lucieised shiinkagc 
in Stonge ovMiig to gifakr water loss (Latman, ind there is 

increased liability to tuber dec tv i*- a lesult ol the pene t ntion ol \ iiious 
jot-prodijcing fungi, such as ru^fuiurn pp , Penu ilhurn and Vspiigillus 

2 Reduction m yield When badly ^srabbe<l pot itoe^ are u^ed foi 
seed or when the crop is h(M\il\ scabbed llun mi\ be i \er\ maiked 
reduction m yuld C ireful (xpinmeiits h.ive shown thit untreated 
scabby seed mav cause a reduction ociual to one-hfth to orK‘-si\th of the 
crop as contrasted with the Stime treated seed (Lutiuan ind Chinningham), 
while (ioff ieeordc*d a yield ot 477 pounds from scal)-lre( seed and only 
199 pounds from (uU i*s \eiy badly scabbed 

Etiology.— Corkv scab of potatoes is cau.sed by vuiioub species of 
Actinomyces, belonging to the Act inomycet ales, one of the orders of the 
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higher or filamentous bacteria. Probably the most common ana impor- 
taot species causing scaS is Artmomi^ces ncabtes (lhax.) Giissow. This 
pathogeno was first isolated and proved to be causally related to the 
JiK'ase by Thaxter, who described it as Oospora smbieff (1891). His 
results have b(*en eonfirnied by various wt^rkers since that time, although 
our ideas as to the botanical relationship of the causal fungus have been 
changed The idea that the scab organism txdongs to the ‘'higher 
bacteria" was first expressed for the beet organism by Kruger (1905) 
and for the point* organism by Cunningham (1911) who placed it in 
the genus i^trepfofhn r According to Gussow ^1914^, this gonerio name 
cannot lie used for the scab pathogene an<l related organisms, liecause it 
was pr(‘\iouslv used bv Conla for a hyphornycet )us fungu.s, so he pro- 
pos(Hl the present name. Later in the same 3 ^ear Lutman and ('unning- 
ham agreed with Gussow as to the generic position but used the name 
Adinonniff^ rhrojnoperius Gasperim it hii^ been pointed out that the 
‘ (/hnanoaf'iuis group” as recognized bv Lutman and Cunningham 
consists of parasitic (A. srahie.s) and of iion-parasitic forms 

»S(vfn spocHs of VtinoHA (‘Ob rapabk ot causing scab were descril>e<l bv Wollen 
wdx'i (V)20) Moh io(r‘nth Millaid and Burr (192b) studied 24 isolations front 
potatoes and oth(M scuines, ojk of whntj w«as identieal vith .4 ,scabiti> while 19 wen 
desentx'd as mw sptdrs, 11 o^ whnh were able to produce some form oi scab on 
jiotMtofv Of all the ]Mtlio^>f iiii •'pedes, 4 was shown to be the rno-t \ ii ulei t 

Viuil( nc( ol till spccK" was t xj>rcssed inunericalh . ranging from 1 to 12 The \arious 
pes of lesions w< n • onn( t b'd w ith infection b> part leular species ft is not ^Tlain 
whetln‘i (In pun disdibedliv Millard mid Burr an distim t Iroin 1 hose di'M nbid 
bv Wollen SM !)• r 

Tlu org iTiisTji , iiojwmotile “ thread or filament 0 5 to 1/x in diametei , 
long /md 1)1 a ru h( d, y or cur^ ed, irregularly sf‘gmenled and capable of 
forninm tton il livpha' which break up into gonidia or short cells resem- 
bling bacilli riK’S(' may form by the “segmentation of any part of the 
mycelium, ( iibcr jii tlu de^pth of the medium or on tlie surface, gnmg the 
colony an asliv gmv', cretaceous app(*Mranee ” d'hese aerial gonidia are 
not alwa>s [iroducod, but may Ix' formed “quite abundaiilly and m fairly 
young culture , while others lUAcr pjoilucc aerial hypha^ or gonidia, or, 
jf so ran K .oul under exceptional eondilions" (for deltiiWl cultural 
(haracters see \ / /b// 184) 

SciiD lesions originate b> the [xuietration of the ])athogene through 
voting lentietls, and the period of susceptibility seems to depcuid on the 
degree of ub*n/itu)n of the lenticuLir tissue 

The oigi^kusiu * liters a coung Irntud in wlucli siibsiHpiently the Tueristeuf* 
lb stiimilat ‘d ami gives rise to radially ‘doiigated cells Soni<‘ of tliese become 
Uifectod and c venliially cvilljqid and at the same lime the colbqihed c(41vs liocoino 
browm tmtiMl gumg th<‘ \oung ^cabits * haradenstic color (Jones 1931) 

The area invaded is deeptmed and broadened and finally rut off by 
a cork barrier. This cork layer may bo penetrated and deeper tiasue 
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invaded with the formation of another cork barrier, the progress piObably 
being checked only by the maturing and harv^^sting of the mbers It is 
supposed tl^t in early stages of infection the parasite produces a pH 
gradient favorable to cell division, but later conditions favoring siilK'nza- 
tion are set up, and wound cork results In the raised form of scab only 
one woiind-coik barrier is formed 

The scab organisms may he present in the soil, oi they may be intro- 
duced into uncontaminated soil by the use of scabb\ seed Later studies 
have ser'^ed to emphasize the almost universal occurrence of the scab 
organi‘-ni m soil, not only m cultivated land but even in the raw desert 
land of the western United States Thf organism glows and Iniiltiplies 
rapidly in sod rich in humus oi contHimng m inure oi in the compost 



Ju 101 4 OiawinRS of icti? oviytt cahn s shownij^ hruirhirm in 1 irn kuHi m ^4 

inonTalJcm p:rouj)H of gorntlja ( tion f)f in oid st i}> ( \JttrI dman a ui < unninaharn 

VI H d 184 ) 

lieap Thavlei iirsi snoivca in.ii an miiision oi nvuse aung a gooa 
cuhuie medium Moisc' 11912) showed that the ‘^ca\> oigaiusTn wiW 
survive passage through the dige'^tive tract domestic amnril-. In viow 
of these facts it seems certain that the oiganism h ^piead liy dumping 
scabby waste stock on the manure heap, and by feeding uncrjoJ^ed scabby 
potatoes to farm animals As a result of analysis, a certain greenhouse 
soil was shown to contain 274,000 units, and a garden sod 166,000 units of 
4 scabies in every gram Uoii'^idering (ju* wide distribution of the scab 
organism, it seems probable that the presence oi aliseiicc of sea)) in sevcie 
form is dej>endent or^the prevalence of environmental conditions of soil 
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nioistart^, toini)erature*an(l soil reaction favorable or unfavorable to 
infection. 

Piedisposing Factors. — The natural soil reaction may be favorable 
or unfavorable to scab or this may be modified by the addition of ferti- 
lizers. Scabbing is slight in decidedly acid soils and the organism makes 
jts best development in an alkaline or very slightly acid habitat. It has 
been shown by Gillespie (1918) that certain soils which have a pll expo- 
nent of about 5.2 generally produce a scalvfree crop. In such cases the 
acidity is of sufficient intensity to exert an injurious action on the scab 
organism. The addition of lime has long l>een known to increase the 
amount of scal)^ as high as 40 p(T cent increiusc being noted. The effect 
is probably due in large parr to the neutralization of the soil acidity. The 
use of horn yard manure, favors scab, in two fxissible ways: (1) by the 
introduction of organisms in increased numbers; and (2) by augmenting 
the organic matter content and thus affording the most favorable condi- 
tions ff>r the developrnf'm of the scab organism. Kven among the early 
writers, woad ash(*s are listed as aggravating scab, and their effect is 
supported b}' tiie work of later investigators Potash salts, such as 
kaiiiit, “almost invariably reduce or tend to control the ravages of potato 
scab/' aiul sulphur, es^Kaaally when apjilied to certain vS^als, is of value in 
reducing scab. 

The amount of scab that develops is deuemhuit on tlie soil tmufHTs- 
lure. Acc(»rdnjg to Jones, McKinney and Fellows (1922* the optuiiuiu 
lemp(T.alur( is alvuit for the hi'.ihest jkt cent of scabby tal)ers and 

20.r>‘^(\ for the jxucentaire of total tuiHT surface scal)be(l. I'ho range of 
development of the disease is given ris varying from 11 to with 

hut slight infections at either extreme. In certain field trials 2r>°G was 
the most favorable tenifierat ure for scab development These findings 
are in acconl with the earlier report (Shapovalo\, 1915) that the scab 
organism favored by fairly high IcrntK^ral ur(‘s. It was found to make 
it« l>es( grow'th in pure vulture*- at lem|Knature-’ rangiru!. from 25 to 
“ hdeld observations seem in geuforal to aceord with the if‘sults obtain(»d 
by exj>eriments riu‘\ indicate that potaie/ .-cab is comparativel}' mon^ 
prevalent m regions having high '-ununer teinjKTat un s ilian in those of 
low ei; I (Mil per at un' ' J'lu* (lis<*asc m »y be (‘Spected to vary m seveiaty in 
a given region and to lx- Uvist s‘\tMe during ih(* roo] summers Th(‘ 
uiiliience of ^oil ((MUjHM’at ure is undoubb'dly an imjxiriaiit factor in the 
reduction of -cab in lIu* Pacific Norlhwcsf, >in(*e th(' niglit teinjXM'atures 
an' g(MieialIy low even when the duy tem|K’rat iires are high. 

1 he relation of soil moistui-e U\ |he j)erceiitage of scab appearing in a 
crop has r(‘cently Ixam invr st igat(‘d (Sanford, 1928). According to this 
re|Kirt, “badly scabbed tulxws wvre uro<iuc(al both in dry soil .and in the 
medium (inoisi), but the [>otatoes in the moists soil wer-e imicticallv 
clean. “ 
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There can be no doubt that soil reaction, soil moisture and tempera- 
ture are important factors in influencing the presence of and the degree of 
infection, but it has been pointed out that control has sometimes resulted, 
when there is no increase of acidity, with the use of either sulphur or 
green manure. It is suggested that the results may l)e due, in part, to 
the bactericidal action of sulphur and to the competitive action of 
stronger-growing, saprophytic Aciinomycetes or other soil organisms. 

Host Relations. — Corky scab is primarily a potato disease but it has 
been reported as affecting a numl)er of other economic plants, .It was 
recognized on beets as early as 1H64, and Bolley (1893) showed that the 
scab of the beet was identical with that of the potato. Trials by Halsted 
indicated that beets, turnips and radishes were also susceptible, but no 
infections were obtained on the sweet potato, artichoke, satisfy and pars- 
nip nor on a number of other less important plants. It is not exactly 
dear what part other hosts may play in piTpetuating the scab organism, 
but it is certain that ihe p^dhogenc may peihist fur years in the soil 
indepemdemt of any of the commonly recognized host plants. 

Previous to the work (»f Lutman (1919) there had been numerous 
observations on llu* comparative resistance of varieties, but there seemed 
to be genera! agreiunent onlv a single pr>int. namely, that som(‘ 
varieties M potatoes are more red^iant than oiIuts. ^ In the most 
extfmsive tests made, Stuart (1914) eonclmied that none of his 71 varieties 
'^sliowed strongly marked scali-resisting (jualnies when grown on soil 
well inf(a*t(‘d with scab organisms^’ and also *Mhat du re staans to l>e little 
hojx' of securing seal> n^sislant varieties through seh^ctiond’ a result 
j)f 1(\sts carried out ihrough 1 years liUtman arrived at the following 
jjeiKTal lauulusion^: "‘Marked res»staTi'*e to scab is found in the true 
russiU 1yp(*s (^f (iibers. 1"he semuaissets sIujw sonu' scab resistance while 
the white and thin-skinned vaneli(‘S seem to be mo.st susceptible.'’ The 
}K:*r ceni of clean IiiIkun ranged all ()u* way fnan t(» OS cent in tlic 
most resistant varieties^ and iron 0 le> 2G ]>ei cead in tlie most suseeplihle 
Scab Proof, Burbank’s Husset, Cambridge Jtusset arui Ihbble’s Busset 
generally showed the greatest resistance, but therr* was muedi variation 
in the relative* ])osition of (ht‘ more Miseeptj))le vari.-nes in the diffefcnt 
trials These studies also led to the conclusion that ‘The thickm^ss of the 
skin determines tin* resistance of the tubers to scab. ( 'olor seems to 
play no role in tins resistance. It was also shown that “clo.se-texturcd 
Ic'iiticels, partly buried undeu the skin surfa(‘c and filled with sniall cells, 
are also associated v ith the lusset tyjK' of potatoes,” all varieiies of which 
were shown to lx* at least moderately resistant. \’arious clicinical treat- 
ments of the soil did not seem to modify the skin structure. 

Prevention or Control. — TIktc is no single measine which will control 
scab. The following pVacticcs have Ixjen shown to be of varying effi- 
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ciency, but only thof^e should be selected which are suited to the particular 
environment or soil; 

1, The use of clean or scab-free seed, preferably certified stock. 

2, (Top rotation to avoid badly contaminated soils, using non- 
susceptible crops for at least 2 yean?. 

3- Sanitary practices which retard or reduce soil contamination, 
such as: (a) exclusion of scabby stock from the compost heap; (6) the 
cooking of« scabby tubers if to be fed to live stock; and (c) avoidance 
of fresh barnyard manure for fertilizer jmst previouKS to a potato crop. 

4. C'uluiral practices which affect soil reaction or otherwise reduce 
infection: (o) avoidance of alkaline soils or practices which increase soil 
alkalinity such as application of lime or wood ashes; (b) the use of sulphate 
of ammonia instead of nitrate of soda if a complete fertilizer is needed on 
scab-contaminated soils; (r) the plowing under of a green cover crop such 
as rye before planting, especially where scab infestation is only moderate 
or slight ; (d) the application of sulphur if the soil is heavily contaminated 
and rotytion is impossible; and (e) delay in time of planting of early 
maturing varieties. 

Thf* following applications of sulphur have l»een recommended: 30(3 •pounds 
per acre when the crop is fmly partially scahby: 500 })Ounds when crott has 
shown a high f)erceiitage of unsalable tubers, with a probable maximum of 4{K) 
pounds per acre for light, san<Iy soils. The application should be made with a 
lime distributor, just after the land is plowed, and should be harrowed in thor- 
oughly at once. Under certain conditions 'tnm'ulated .sa/p/iur,— that is, sulphur 
containing sulphofying firganisms — has given better control than uninoculated 
sulphur (Martin, 1021), })ut in other tests there has been no appreciable benefit 
FCxtensivc tests of the value of sulplmr have been made by SherbakofT (1914), 
l.int (1914-1910), Martin (1920 and later) and DulT (1927). 

5. Seed disinfection. The following treatments have been recorn- 
men(le<l: (a) corrosive sublimate either plain or acidified; (h) form- 
aldehyde, either cold or hot; (c) copper sulphate, 3 pounds to 50 gallons, 
wuth immersion for 2 hours; id) organic mercury preparations such as 
Semesaii, Bel or Bayer Dipdust; and (c) formaldehyde dust (Snmttox), 
on the basis of a single lest only (Wiaiit, 1931). 

\arying results liave been obtained with these treatments, but the 
best success has followed the use of either corrosive sublimate or the hot 
form aldehyde, .-md both of these are about equally effective in the 
control of Khizoctonia. The greater percentage of tests with the organic 
mercury compounds have not yielded satisfactory results. Because 
‘'of their more frequent use with ^satisfactory results these two will be 
reported in more detail 

The hot-formaldehyde treatment has the aavantage oi a reduced 
time of steeping but the disadvantage of providing equipment for heating 
the bath. In this treatment the tubers are dipij^id for 2 to 3*ininu(es 
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in a bath of foViyialdehyde, 1 pint to 15 gallons of water at 118 to 122°F-, 
after which they are removed, drained, and covered with wet sacks for 
1 to 2 hours and then spread it to dry. 

The following (Jiitline of the corrosive sublimate treatment, based 
on experience with Khizoclonia, which is more difficult lo control, may 
be presented: (a) Seed stock to be disinfected should be as free as possible 
from dirt, preferably washed clean, (b) Dip in water, drain and allow 
to stand in moist sacks for 12 to 24 hours, (r) Using barrels or .wooden 
or concrete vats, dip the whole tubers in the solution of standard strength, 
in oj)en vats or crates and not in burlap sacks: For small lots of seed (1 
bushel or less) treat the first bushel 1}/^ hours, the second hours, 
the third 2 hours, the fourth 2}^^ hours and then discard the solution; 
for largei lots of seedj for each 4 bushels of clean stock treated by the 
standard fonnuia, add ounce of the chemical, corrosive sublimate, 
keeping the volume of the solution constant. Soak for 1}^ to 2 hours 
Discard the solution entirely after making six or eight treatments, (d) 
Treat preferably before sprouhngy bui at least 2 wteks bi^fore planting 
and dry (he seed immediately after treatment. Merrunc chloride is 
deadly poison, so treated seed is unfit for food, should not l>e fed to live 
stock and ^|)ecial care should be given to the disposal of discarded solu- 
tions (see Khizoctonia for use of acidified formula). 

References 

Rolled, H. L : Potam scab a bacterml diBciiHc Agr. Srt, 4: 24d-256; 277-287 
1890. 

Thaxter, R, : The potato scab. Conn Agr Exp. Sin Bui. 105: ;b4. 1890. 

: The potato srub Conn. Sta. Brpi 14: 81 95. 1S91 

— ' The pola1c» seal). Conn. (Stale' Stii pt 16: 1 'iO 1892 

Bollev, H L . Prevention of [)otiito weab A D Agr. Exp. Sfn, Bui 9* 1-28 I89.’i. 
Morse- W J • The prevention of potato seali. M( Agr. Eip. Sin Bvl 141: 81 92 
m7 

. Potato diseaoea in 1907. Me. Agr Exp Sia /Jai. 149 : .‘104r-dlt). BK)7 
--- • Does the po^ jto-seab organism survive passage through the digestive traet of 
domestic animals*'' Phylop{tLh. 2: \ M\. 1912 

C’ifNNiN(iu AM, G G • On the relation of Oospora it(ahte\ to the fi'^^her baetena PJ)uto- 
path 2:97 1912. 

LutmA-M, B F.: The patholoRieal anatomv of potab scab. Phyiopath 3: 25, > 204 
19i:i 

Stewart, F (' and GnoYEH, W (). . The injurious efTf'cts of formaldelivde rms on 
potato tubers S 1' {Genevti) Agr Exp Sta Bid 369:585-410 1915. 

GiiOYEtt, W () : The e9icieney of formaldehyde lu th(' treatment of seed potatoes for 
Rhizoetonia. N. Y. (Genetfa) Exp Sta. But 370: 417-431. 1915. 

OOssow, H T. ; The systematic position of the organism of the eonimnn potato scab 
Snencey n. s. 36: 431-455. 1014 

Lu'FMAfJ, B. F. AND CtiNMNoiiAM, G (' : P<H^to scab. Vt Agr. Exp Sta. Bui 184 

1-64. 1914. * 

f)HBnBAKOFr, C D.: Potato scab and sulphur disinfection. Cornell Untv. Agr. Exp. 

fitn. Bui. 380: TO6-743. 1914. 



384 MANUAL OF PLANT DISEASES 

Mankt, T, J.: Effect of potato-scab treatments on seed vitality. lovm Agr. Exp, 
5/a. BuM48: 3^-60. 1914. 

Shapovalov, M.: Effect of temperature on germination and growth of the common 
potato-scab organism. Jour. Agr. Res. 4: 129-133. 1915. 

Shbrbakoff, C. D.: The aftereffects of sulphur treatment on soil. Phylopath. 6: 
219-222. 1915. 

Lint, H, C.: Report of potato-scab experiments. N. J. Agr. Exp. Sta. Repl. 36: 

477-488. 1914; 36: 375-381. 1915; 37; 018-ff25. 1916. 

Bisby, G. R. and Tolaas, A. G.: Copper sulphate as a disinfectant for potatoes. 
Phytopath. 8 ; 240 -241 . 1918. 

Gillespie, L. J.: The growth of the potato-scab organism at various hydrogen-ion 
concentrations as related to the comparative freedom of acid soils from the potato 
scab. Phylopath. 8: 257-269. 1918. 

Coons, G. H.; Seed-tuber treatments for potatoes. Phytopnth. 8: 457-468. 1918. 

Lutman, B. F.: llcsistanee of potato tubers !(► scab. Vt. Agr. Exp. Sin. Sul. 216: 
1-30. 1919. 

Martin, W. H.; The relation o.f sulphur to sod acidity and to the control of potato 
scab. iSaaact' 9 : 393-408. 1920. 

WoLLEN WEBER, H- W.i Dor KartolTclschorf. Arh. d. Forschungsinsi. f. Karloff elhiu 
2: 1-102. 1920. 

Martin, W. H.; Comparison of inoculated and uninoculated sulphur for the control oT 
potato scab. S^nl ScLcmr 11: 75' 84, 1921. 

Melhtts, I. E. ANU Gilman, J C.: Measuring certain variable factors m potatA) seed 
treatment experiments. Phytnpalh. 11:6-17. 1921. 

Brann, j. W. and VALTOfiAN, R. E. : Potato scab. ]P?>- Agr. Exp. Sia. Bui. 331 : 
1-28. 1921. * 
Martin, W. H.: Potato scab ana methods for its control. N. J. Agr. Exp. Sta. 
Circ. 131 : 1-12. 1922. 

Jones, L. R., McKinney, H. II. and Fellows, H.: The influence of soil temperature 
on potato scab. Wis. Agr. Exp. Sta. But. 63: 1 -3.5. 1922. 

Warsman, S. a.: The intliienc«‘ of soil read ion upon the growth of Actinomyceles 
causing potato scab. Soil Science 14: 61-79. 1922 

Millard, W. A : Common scab of potatoes. 1. Ann. Appl Biol. 9 : 15(.V-164. 1922: 

11. 10 : 70-88. 1923. 

Sanford, G. B : The relation of soil inoi.sture to the devedopment of the common 
scab of potato. Phylopath. 13: 231- 296. 192.3, 

Martin, W. H.: Influenee of sod moisture and acidity on the development of potato 
scab. Soil Science 16* 69 73. 1924. 

Schreiner, O. and Bi;own, B M: Soil treatment for potato s*‘ah and emiiroi Proc. 
Potato A.s'.s<7r, Airu.r. 10: 139-150, 1924 

FELLOWfy Hurley; Relation of growth m potalo tuber to the potato seab disease 
Jour. Agr. Res. 32 • 757 -781 . 1926 

Millard, W. A. and Burr, 8 : A stiuh of tweritv-four slram.s of Actinomyces and 
their relation to types of common .scab of potato .1 a a Appl Biol. 13 : .580— tH4. 
1926. . 

Sanford, G. B.: Some factors affecting the pathogenicity of Aclinomyce.'i scalnes. 
Phylopath. 16: 52.5-.547. 1926, 

Duff, G. H. and Welch, Catherine, O.: Sulphur as a control agent for common 
scab of potato. Phytopath. 17: 29?- 314. 1927. 

Millard, W. A, and Taylor, C. B, : Antagonism of micnmrganisms a.s the controlling 
factor in inhibition of scab by grccn-nuiniiring. Ann.> AppL Biol. 14: 202- 
216. 1927. 

Schlumberger, 0.; Die wirtschaftliche Bedeulung des KHrtoffelschorfs. JUus. 
Landw. Zeit. 47: 129-132. 1927. 



BACTERIAL DISEASES OF PLANTS 385 

» 

Lutman, B. F.: The vnliio of srabhv potatoes. Vt. Agr. Exp, Sia, Bui, 297: 1-16. 
1929. 

ScHLUMBERtjfcR, (>.: Dor Stand der Schorffrage. Pflanzenhau 6: 33-39. 

1929 

Brown, B. A : The organic jnereiiry compounds for the control of scab and Rhizor- 
tonia of potatoes. Conn. iStorr.s) Agr. Exp. Sta. Bui 164 : 87-106. 1930. 

Jones, A. P ; The histogeny of potato scab. Ann. Appl. Biol. 18: 313-333. 1931. 

Martin, W. H : The relation of soil conditions to the development of potato scab. 
Pror. Potato Avier. 17: 62-73 1931. 

WlANT, J. S : Potato seed treatment with formaldehyde dust for control of scab. 
Am. Potato Jour. 8: 101-104 1931. 

IMPORTANT DISEASES DUE TO BACTERIA 

Fire blight of apple, pear, etc. {Hanllus amylovorvs (Burr.) Trev.). — (See specia 
troalinent, p 342 ) 

Black spot of plum and peach {I^iuthmonob pruni E.F.S ) — Hohreb, J. B.. A 
h'lcterial d’s(‘abc of the peach Mycologto 1: 23-27. 1909. -IIolps, F. M.; A 
baclcrml disease of stone fruits. Corndl Vniv. Agr. Exp. Sta. Mem. 8: 381-436. 
191 r. 

Crown gall and hairy root (Pi^cudomoiut'^ tumefacunis (S & T. )l>uggar and P. rhizogenee 
(Rikcr ( f at.) S<c formal begin mnp:<in p 360. 

Black knot of grape (}\sHidomonab tumvfancnii (S & T.) Duggar),— (See Crown Gall, 
p 364 ) 

Bacterial gummosis of stone fruits {Paeudomonos ren:.ui> Griffin).— BAKSb, II. P . 
Haclcnjil gumniosib or bucltrial canKcr of cherries Oregon Crop Ped nrul Uori 
A'cpb 2: 221-240. 1915 -- Mo Bui Cal JJort. i'omm. 7 : r2i-y^G 191S. 

Blister spot of apple (Pseudomonai^ papalans Rose). D. H.: Blister spot of 

apples and itb relation to a disease of apple bark. Phytoputn. 7: 198-20S. 1917! 

Blood disease of banana (Pseudomonas celebense Gaumann) — Gaitmann, E.: Onder- 
zot'kingeu over de hloedzickte der banauen op Celebes, 2. Meded. Inst, voor 
Plantemickten 59: 1-45. 1923. 

Citrus canker (Pseudomonas din Ilasse). -Wonr, F. A.: Citrus canker. Jour. Agr 
U>es 6: 69-100. 1916 Fawcett, IT. S. and Lee, H. A.: In Citrus Diseases and 

Their Control, pp 212-222; 482-4S3 1920 Fitlton, H. R. and Bowman, 

J. J.' Infcc'tion of citrus fruit by I\eudomofias ntn. Jour. .Agr Res. 39: 403 426. 
1929. Lorcas, K. W : Some physiological studies of }*hytonu)nab cUn Jour 
Agr Res. 4.1: 247- 2t^H. 1939. 

Citrus blast and black pit (Pseudomonas ^ynnget Van Mali) - The causal organibin 
fonnerly named Psiudomonas citriputeale (Smith) Slajip luis licen .shown to he 
identical wuth the pathogene of lilac blight. Fawceti, H S. and Lee, U. A , 
Loc cit.j pp. 293-304 ; 443-4.50 1926. Elliott', Charlotte. In NJanual of 

Bacterial Plant Pathogens, pp. 217-221. 1930. Note reference to work of 

Smith and Fawcett showmig close relationship of citrus blast, bacterial gummosis, 
and hlac-bhght organism. 

Olive tubercle (Pseudomonas savastanoi E.F.S.). — Smith, Erwin F.: The olive 
tubercle. In Bacterial Diseases of Plants, pjx 389-412 1920. * Smith, C. O.* 

The pathogenicity of the olive-knot organisms on hosts related to the olivc. 

Phytopath, 13: 271-278. 1922. ; Oleander bi\cteriosis in California. 

PhyiopatR. 18 : 503-518. 1928. 

Blight (Pseudofnonas phaseoli E.F.S.), and five other baeterial diseases of lieans. — 
Burkholder, Wa 11.: Bacterial disease^ of the bean. A comparative study. 
Cornell Univ. Agr. Exp. Sta. Mem. 117: 1-88. 1030. Zaumeyer, W. J.: The 
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bacterial blight of beans caused by Bacterium phaseoli. U. S. Dept. Agr. Tech. 
Bui 186 : 1-36. 1930. 

Black rot of crucifers {Psevdomonaa campestris (Pam.) E.F.S.). — (See special treat« 
merit, p. 336.) 

Soft rot of carrot and other vegetable crops (Bacillus caroiovorus L. R. Jones). — 
JoNEh, L. R., A soft rot of carrot and other vegetables, etc. Vt. Agr. Exp. Sta. 
Ann. Rept 13 : 200^ 3.‘^2. 1900. Ei.liott, C. : In Manual of Bacterial Pathogens, 

pp 39-45. 1930 

Cauliflower spot {Paeitdomonai>. maculicolum (McC.) Stev.). — McCulloch, L.: A 
disease of cauliflower, U. S. Dept. Agr j B.P.I. Bui. 226: 1-15, 1911. 
Colls WORTHY, M (\ ■ Studies on the spot disease of cauliflower, a use of serum 
diagnosis, Phytopaih. 16: 877-SS4 1926. 

Angular leaf spot of cucumber (Pseudomomis lachrymans (S. & B.) Carsner).-- 
CARsfiJtK, E • Angular leaf spot of cucumber’ disAen ination, overwintering, and 
coiitrcji. Jouj. Agr. Rea. 16: 201-220. 191S Webek, C. K.- Angular leaf 

and fiuit rot of vucuinbers. Fla. Agr. L.^p. Sta Bui 207: 1 32 1929. 

Curcurbit will (Bt>nllus trarhephilua E.F S.).--T1ip causal organism does not live over 
wmtej in the soil or on jdant remains but overwinters in the bodii's of the spotted 
cucum'^cr beetles Rand, F B and Enlowh, M A.. Bacterial wilt erf cuciiriuts. 
U S. Dppf Agr Bui 640: 1-43 1920 Clayton, E. E * Effect of early spray 

and dust application on later incidence of cucumber will and mosaic diseases 
PKutopath 17:478-4M. 1927. 

Lettuce -leaf diseases (P eudomonah marginalia (Brown) Stev., P inridihtndum 
(Brown) Stiv and F niians (BrowiO Stev and roseite of lettuce (Bacterium 
rhizociouin Thomas (Stapp). — Buown, N, A • Some bacterial diseafses of lettuce. 
four Aar Fts 13: 3r>7-38<S. 191S. Thomas^ R. C * A bacterial rosetlf| disease 

of lettuce Ohio Agi Exp Sta Bal. 369: 197—214 1922 

Bacterial blight of peas (Faeudornona'i ptai Sackett) -wSeoru’r, V ; Bacterial blight 

. of pcafe overwintering, dissemination, and pathological histology. Phytopath 
17:611-627. 1927. 

Brown rot of Solanaceae (Pseudoinona^ aolanajenrum E.F.S.) - Affects potato, tomato, 
egg plant, pepper, and tobacco besides other less-important species of the Night- 
shade family ; also Jniportant ciop plants of other iaiinlies, including tne banana. 

Other foinmon naiiu'.s are Crauvilh wilt, wiit disease, slime disease and bac- 
terial ring djM'abv Eli loTr, C’. In Manual of Bacterial Pathogens? pp. 203- 
213 1930 

Blackleg or black rot of potato {Bncillua oirosepticus Van Hall) — .Iennison, II M : 
]V)+a1o blacLU^ji with sp( cial referc*nce to tlie ^‘tiA^jgual agent .Inn Mu Bot. 
(lOrd 10: 1 72, 192.3 SrAPi*, C Da* iVhwai/liou^iglvCit und Knollf'iiuaasfaule 
du K>irtoffel Ath uU', der Liml Reirhan^f f Land- und Fnrata trlsch 16:643— 
703 192S 

Bacterial canker ot tomato {tiacierium nnefn/jaro rise K h S ) 41.so (allied tie* Crand 

Rapttls dis<*ase Bry^n, M F\ . Studies on bacterial eanker of tomato. Jour 
Agr Rea 41:H2:>-Mn 1930 

Bacterial spot of tomato (Faeudoinona'i ^ ef^icaiorm (Doulge) St**v } - Also affects 
pf'pjxTb and otrui Solamuea* Dojdc.e, E M A tomato canker Ann. App. 
/9 ' 7: UTi f30. 19J1 (7 audneh, M. W. and Kkndkick, .) B- Bacterial 

spcit tomato and pej)prT- Phytopath. 13: 307-31.). 1923 

Bacterial wait of sweet corn (Bacterium slewarli (E.F S ) Stiw ). — Stewart, F. C. : A 
bacterial djs< use of ssweel corn. Nev^ York Agr. Exp Sin. Bui. 130: 42;3-439. 
1897 Reddy, C. S. and Holbert, .) R.’ Differences in resistance to bacterial 
wilt in inbred strains and croases of dent corn. Joair Agr. Res. 36: 905-910. 
1928. 
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Angular leaf ^pot of cotton {Pseudomonas malvacearum E F S ) — FAUL^BTTbR, 
R C The angular leaf spot of (otton S C Agr Exp Sla Bvl 198 1-20 
1919 Massey, R E Black-arm disease of cotton Empire Cotton-growing 

Rev 6 124-153 1929 

Bacterial gummosiB of sugar cane (Pseudomonas lasculajum (CJobb) E b ) - 
Smith, E I /n Bacteria m Relation to Plant Discase^s 3 3-71 1914 Cook, 

M T The gummosis of sugar ( ane Jour Dept igr Porto Rico 12 143-179, 
192S, 13 T't 7h 1029 

Java gum disease (Pst udomonos atbihnean^ (Ashb\)) — 1 Ins likt the pre vious trouV3o, 

18 alw.) a vascular disease of sugar eune It is als(» ealkd leaf maid North, 

D S Leaf-m»ld disease ei sugar cane and ts control Australian Sugar Jour 
21 0<)-110, 1()0-1S3 1920 

Red^stripe disease of sugar cane (Pseudomonas jubr hntan fL P B M ); LpI' 
II A PlRDV, H A BaHNT M C C AND MaRTIN 1 I A ( OIlip U l^OH of Fcd 
Btnpe disease with hattenal diseases of sugar cam ind other grasses Exp Sta 
Ha jLiian Sugar Plarders Assoc, Honolulu pp b I 74 192) Cihistoihlr 

W N AND Loe i RTON, C’ V\ Bae ten il stripe disi ast s of sni^'ir c hiic in Louisiana 
Jour Agr R(s 41 2 2h7 19 30 

Bacteria] pocket disease of suj»ar beets (Pseudomonas htttcoln H <k 1 1 

Brown, Is A Ba< tcrial poektl disease of the sugai licet Jour Agr Ret 37 
155 168 1928 Ilcock 11 A Ph^tomonas be tuola 1 I ytopath 21 13-40 

1931 

Wildfire of tobacco {Pseudomonas tabati & h) bte,?) JoHUsoN JAMf and 
M uRw/w H h t )cperjments on the control of Mild lire ot tobicco Bis Agr 
Fxp\^ta Res Bui 62 1 35 1925 

Blackfire or angular leaf spot of tobacco (I seudomonas irgulgU (I AM) Ste\ ^ - 
1 ROMMf F 13 AND WiNCAKD, 8 A Blackfifc OF iuigular leaf spot of tobacco 

I / 4^ Ftp S/a Itch Bui 26* 1-43 1922 

Bacterial blight of barley (Pseudomonas translutens (1 ) A K ) Sti \ ) Iom«s, L R 
Johnson A G and Rlddi, C S Baetennl blight ol barkv Jour Agr Re^ 

II b25<»tl 1917 

Bacterial btalk rot of corn (Pscudor^ior is d? solun Komn) Ro tn II R B^ctcnal 
stalk rot of com Ark Agr Fjp Sti Bui 209 1 2S I92b 

Bacteiial spot (I studemonas hotel Ktndriek Vfleets corn Si)'*ghun» varieties, 
Icihiisoii griss, sud-iii gras-^ and foxtail Ki ndrick, I B Hole us bacUnal spot 
of /((t mays ind Holcu spccjcs loua Ag Lxp S/u Re Bui 300 >0i 334 

102b 

Halo-bbght or blade blight (Pseudomonas cor orui/at tens (Llhott) Ste\ ) \lTtcts 
( its })ai]e\ iM ind vheat Lli lorT C Ilalo-bligl t c t oat*' Jour igr Res 

19 13')- 172 1920 (Smi /*si udomonas auntr M inr ) 

Stripe blight ot oats (Pstuionwna stnafacur (1 lliott Liiioin, C lia^ tenal 
stupe llightofoi.s Pur igr Acs 36* SM S2t 1927 

Black chaff of wheat {f id)iior(i Iran lumens \ i nduDsut (b J A R Stev ) 
Smi III I 1 131 i k chitt of mIk 7;o tc;^ R* 10 )1 54 101 1) 

Basal glumerot of Mheat (Psi utntmona e tr tjai t n (Me CuileK li Sie v ; ^IcCt lloch 
R Bisil glume lot ci w lit it /our Ic; Rf 18 >43 ) 2 l')20 

Bacterial stem blight of alfalfa (Pseudomoms u idicaqinis Si kett — b\eRHT \\ 

1 A bai (trial dimasc of alfalfa i olo Agr Lii 'sta But 158 I 32 1010 
Gahdnfr, M W Indiana plint aiscase • Puc Ind \<ad Set 36 231 247 
1927 

Bacterial wilt and root«rot of alfalfa (Bacternirn insidiosum (McCulloch) Stapp) 
loNEH 1 R AND Me Cl LLOCH L A bactcnal wilt and root rot of alfalfa eaused 
bv A idarwbacttr insitho'^um MeCuiloeh Jour Agr Ri*i 33 193 521 192b 
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JoNEb, F R , McCtili och, L and Weimbu, J L Bacterial wilt an;! winter injury 
of alfalfa. U S Dept Agr Ctr 39.1-8 1928 Peltier, Georol L andJen- 

bEN, J II Alfalfa wilt in Nehiaska Neb igr Exp Sia Did 240*1-35 1930 

Bacterial leaf spot of clover (Pseudomonas imfoliorum (J W W & MtC) Stapp) - 
JoNis L R , \\ 11 LiAMsoN, M M,Woii', ] A AND McCLiLLoni, L Bacterial 
If if sj Kjt of t lo\ i.r JouT \gr Rts 25 171 400 1923 

Geranium leaf spot {}\cudomonas erodii Lewis) LEwih, IMA bae tonal di'fe ast 
of hrofftum iiul I tlargonium Phgtnpath 4 221 231 1914 Also anotlier 

Uaf pot (I*siudmnoria /wZnre/rm? (Blown) St ev ) Brown, N A Bacterial leaf 
sfMit of Rcniiiuni in the eastern I nited State.*' Jour Agr i?fs 23. 301 372 
102} 

Scab of gladiolus ^Pstudomona', mnrginata (McC’allooh)^ Also c illed luck rot ind 
stem rot M( Cl iiocn, L A leaf uvd conn disc is* if gladioli susedbA liac- 
ftn ijn mmjuotot Jour Agr Rr 29 i''/>-l''7 Bt21 

Yellow disease of hyacinth (P mdomonos / gnend} i (\\ ikkc i j I* I S > Smith, E J 
Cultural chirtilci" of i\( udomortas figrtc nth i *< S Dept Aqr !hi of 

\ (g Path A Pt j hu^ 28 1 1 )3 l<H)l an Sioc.iiui-n, L Bfstii|duig 

AHU lift gfclzick dc r llyKJiitl n I ihnr hhi Plof n hoIUnondf r zoU tt 1 < 

lLdn/29 I 12 I<t27 

Black spot or black disease of larkspur (l\( u hwonns <te]p}xniL ^E 1 «( ) M ipp) 

Hh>an M K B u U 11 II li if ‘^P I* ol dc Iphminin 1 >0 \\p R(^ 28 2bl 

1921 

lilac blight t lorn th t rpinno \ ii 11 hi 'an \f K J i‘ ( bliglit n Bn 
Tnitc d '' t I ] t tr \<p Rt 36 * S 2 1 > B 2s (N * ds ( tl i i 1^1 1 t ind 

B1 U k Bit p jS I ) 

Streak sweet pea l /r h / bitt i Mum A J n *> ) Mis I I noi ic n \ 

liutcis 1 ti i s d J( gu nc Mu liiition lu] ot 1i» otg i isn c o'-mg tin 

siiiii Ihl If; ft, S/f hul 108 > )9 1 M 

Bud rot Oi coconut ^ dn h vl 1» Mi ) Mcjm i d i the ( n m ot lu , iol d 

( Of »tj d 1 I I solt I »t ‘f ,) I j>A } \ i I ill n 1 c moil md ( oi n< 1* d w it b i 'iti n 

end ind i u lo m lli 1 an it tins ro\ 1 K i in in tuv mil niH ol 

(Of iniii f 11 I n t J> 1 1 1 / h f* I Iiul 228 9 l()> I‘ 12 

s I Bid ( K ol Ol m » di I lj< Vs ■'t In Iks fl( / f / rr i bo/ ( (*nf hm 

dim 1924 il* I '92 (N U Pt d i / tf i f rh p 4 il ) 

Muiberiy blight [I r' u i u (B* A I ) st \ ) l^ciioN, \ Bictcn<>si di 1 

t ii Iso '' / / s / 1/ Jfrl 30 f dH» 1 s‘)7 Smiui L I In Vn intro 

diKlioi to Bit id ] )is I 'x cd Bi ii I p]) »1() 5)'’ 1920 

I uberc ulo'^is or galls of Aleppo pine il \( ir d r lorrr s pint {\iiill) Bctri) ms d 
IC I ill III I ot I I n dt \ ln)<uI^tIon-^ "m m i t B iktc rios< n dc i Bin u c c n lu 

Sir MK I ** ll i idl IK li (1( J B(l in/c nl r ml Ik iti n 'll! Auf 2 10 12 192S 

'Walnut*blight (P < u d u n p (flnuh Biciri.) Smith, B 1 , Smith, C t) and 

B \M J A II I W 1 nnt enhnu ii C'jdifornii ( ol \q) Krn Sto Bui 231 

in 19S 1912 Bliglit ]>p 120 >71 Bvu s H P BT(liniinir> (xpciinicnts 

on tli( ( out r d of 9 u tc 11 il blight of w ilmiis c ondcK Ic d in Ougon in 1929 \ nn 

Rr / f (h(^ Sfu ( IB)rt Sor 21 B20 127 1929 
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SLIME MOLDS AND PLANT DISEASES 
MYXOMYCETES 

Of the considerablo array of known species of shine infolds, none 
is now considered to \)C parasitic. The Plasmodiophoraceje, iji(*ludin^ 
the forms responsible for the club r(K)l of crucifers and the jKAvdery scab 
of polat<>^‘s, were formerly considered as belon^iuf; t'» llu* Alyvomycetes, 
but pfesent concepts of their relationship have put tlu* forms with the 
Chytrids, as true fungi (see Chap. XVII). Brud considejatK>n shouh^, 
however, be given to the Myxomycetes, since certain sjxaaes are fre- 
(piently encountered in connection wnh growing crt>ps and mav exert 
injurious influences, although not m the manner of true para'^ilOvS 

General Nature and Habitat of Slime Molds. The «-hrne mohh, 
known first as the Myxogastres, and later as the Mycctozoa, ar(‘ ikav 
generally called the Alyxomycetes. They ai(* a group of pnmiti\e 
organism'', standing on the border line between tlie {)]ant and animal 
kingdoms, but scientists are now generally agreed that they are inon* 
t)lant-hke than animal-like and lelaled to the more priinili\e fungi Th(' 
shine molds are in the main saprophytic in their mode of life. In ing on 
decaying organic matter such as old logs, decaying stumps, fallen twigs 
or branches, leaf m(>ld, compost hiaps or other vegetatiie d( bri>. whereMu 
there 1*^ sufficient nioi''lure 

Vegetative Characters. — The jdant body of the shine mold exhibits 
two distinct vStagcs or phases, the veg^tafirc^ concerned primarily with 
nutritive activities, and the reproductive ^tagCy which pi ovules for the prop- 
agation and disseininalion of the species. In its simplest condition tlie 
plant V>ody consists of a simple, uninucleate, naked mass of protoplasm, 
ainceboid in character, and therefore (ailed a myinruatia Miparmthfr^ 
may incnvuse in size by growth and become liiultimK'leate, or several 
to many myxamodije may come togethe** 'tnd form a larger, rniiUinucIeate 
mass of protoplasm, a plasmodiurn, the nuclei of whudi may divuie and 
redivide and the whole structure increase in size li many six'cies the 
plasinodiuin is of microscopic size, while in others it mtfy form large 
rnassea several inches across or spread over the substratum in branched 
sheets or luT-like strands tor a distance of even several fei't. Young 
plasmodia may be nearly colorless in '?ome ease's, but the prevailing eolof 
of growing active plasmodia is yellow, while various shades of color may 
be exhibited. The plasrnoduim has about tlu' consistency of the white of 
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an ogg, and can creep fiom one inoibt substance to another dunng its 
nctive or vegetative stage 

Reproductive Stages. A plabmodium may give nse to spores by the 
oiganizanon of Miiiple oi complex fruiting bodies, the sporangia^ in which 
numerous uninueleate spores appear in dusty masses The spores are 
small, 3 to 20/i in diameter, spherical fir flattened by contact, smooth 
or rough, oi various colors, bui generally yellow or violet brown The 
fiuitmg bodie^s 'ihow a great variety of forms from a flat, cake-hke ma^s, 
an pthahum, to vanouhly differentiated sporangia, spheroidal, elliptical 
or elongated, in<l sessile or stalked, with delicate thread-like elements 
of great variety of form and structure, the capiilitiunif mingled with or 
associated vith the spores in the differentiated portion 

In the foirn itioii of the sporangia the external portion of the plas- 
modiiiin IS differentiated to form a structureless wnll or peridium which 
encloses the spores irid the (apilhttum^ either m the form of an anastomos- 
ing network of cylindn^al elements or as isolated cylmdne elements with 
}K)inted ends, the dains Sometimes a part of the capillitial network 
may be groufx^d to form a densei structure, the rolvmella^ arising from the 
b ise of the spor ingium oi ( \U*nding as a central strand The eapillitium 
functions in the dissemination of the spoies b> virtue of the strong 
hygroscopic piopeilies of its t lire ids 

I Ti(l( r suit d)le conditions ot moisture the spores germinate^ when 
mature oi soon ifter The cell wall riiptu?(‘s md the protoplasmic con- 
tent eseifxs, either as i simple naked imo bold cell, essentidi\ like an 
aimrbj, or llu* uno bold cell may Ik* piovided wath i single, \ibratile 
protoplisnnc extension or ciliuni Thc'se active cells or swum spores 
may grow, and leproducc tiuinsehes b\ fission, oi fuse in purs, but 
hnally thev become the myiamaba, which grow into plasmudn or fuse' 
to ic3rm pi ismodia 

Two well-dc'finc'd t>jx's oi gernnintion of the spores hue been 
rec'ogmzed (H the s])ore w dl ruptuies bv i dc'cp, wedge-shaped split 
which widens, illowiiig tlie eontent of the '-poie to push out, as the skin 
of an overripe gi ijh might split on piessuie letting the pulp out'’, (2) 
the spor' wall is softened loe dh piobd>h 1)\ the letion of an enzyme, 
allowingtlu swann ce 11 to eiee p out through i » iicul ir or jagged a {lerl lire 
(Gilbert, 1028) 'i’he mimlHr of w urn cells \ari('s from one to foui 
or, in Gerationiyxa, to eight 

Under unfavorable conditions, such as extieme dryness, shortage of 
food or low temperature, the young amtib.e or swarm spores, it leeust 
in certain species, may pass into a resting condition, a microryst or spore- 
hke structure, to emerge later with the red urn of proper growing condi- 
"tions Under similar adverse conditions young plasmodui may l)enava 
in a similar way and form mcuiocysis The resling^stage of a maturu 
plabmodium is called a ^cleroUyrn 
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Classification. — Two subclasses of Myxomy cetes are recognized : 

Exoaporeve. — Spores superficial, developed on the outside of the 
fructification. This is represented by a single genus, Cratwmyxa. 

Endosporece, — Spores developed within sporangia. This subclass 
includes numerous families and genera with about 500 recognized species. 

Relation of Slime Molds to Crop Plants. — The slime molds live on 
deca 5 dng vegetable matter such as rotting leaves, wood, bark and vege- 
table d<?bris in general and lead in the main a saprophytic life In 
certain locations such as peat nieadows. truck gardens, propagating 
frames or greenhouses, they may develop in sufficient profusion to 
cause some injury, mainly by interference with transpiration and photo- 
synthetic processes. It would seem reasonable to expect such associa- 
tions to lead to parasitism. 

Only a few species have been recorded as causing injury" to growing 
crops. These belong principally to the genera Physaruin, Ppumaria 
and Didymium, although others are occasionally mentioned. Phynarum 
gyrosum has been reported as causing severe injury to asparagus (Flachs, 
1927) while young cuttings^ of Azalea 'indira were killed and those of 
Camellia became chlorotic. P. cinereum has been very abundant in 
moorland meadows in Sweden (Wulff, 1906) where it occurred in small 
spohs or^ntrips sometimes 3 to 4 meters in length, covering the grass with 
a grayish coating of sporangia and later with the smutty liberated spores. 
Spumaria alba has been noted in abundance on clover, cucumber, straw- 
berries and other garden plants (Flachs, 1927), and Didyniium annelua 
on lettuce. 
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CHAPTER XV 


THE CONDITION OF A FUNGUS IN OR ON THE 
SUBSTRATUM 

The Life Phases of Fungi. — Fungi like father plants show two phases 
in their life period. When a fungus begins growth on a given >;ubstratum 
Its first activities are directed to the procuring (absorbing) of food and 
the building up of the fungous body, while the formal ion of specialized 
structures for the production and dissemination of new individuals follow^s 
as S(Jon as the fungous body has obtained a certain size, vigor of de\elop- , 
rnent or age. The ccmdition of a fungus in or on the substratum may 1)0 
then either in one of tho vegetative aiages or the jmroly vegetative struc- 
tures may ha\T‘ given rise to specialized I'eproclurtire stages or structures. 

The object on or in which a fungus establishes itself may be designated 
as its subsiraturn This may be the humus of gardens or fields, the dead 
remains or products of animals or plants, an artificial medium, another 
living, plant or animal or portiims of such living organisms— in fact, any 
material which will furnish the necessary food. 

Host and Parasite.— The plant pathologist is concerned primarily^ 
with fungi for which the substratum is a living plant or some organ or 
part of a living plant. The substratum may then be designated as the 
hoat (also saisrept) and the fungus as the parasite which preys upon it 
The fungus is simply carrying out its normal physndogical processe\s- 
taking food from its host, growin^ and finally^ producing its rej»roducti\ e 
structures. Tn lhis development it jiroiluces nion^ or le'^s serious disturb- 
ances in the life of its host, or disease ii. slighi, pronevunced or severe form 
is the result 

VEGETATIVE STAGES OR STRUCTURES 

H3rph8e and Mycelia. The typical fungous body camsists of a delicate, 
branched, tubular or filamentous structure, tlic tripeluna, microscopic 
in size or barely visible* to the unaidco jO. Tlu'se inyTelial thr(‘a<ls or 
hyphiE may form an interlacing tangle, or a loose, woolly mass or they 
may be densely'^ interwoven or even compaeted into solid bodies. The ‘ 
hyphie of a given fungus are either septate or nou-septniey fhat is, divided 
by cross-walls or partitions at intervals or entirely d^^void of cross-walls, 
and so distinctly tubular in eluiracter. (Vrtain groups of fungi produce 
only non-septate hyphiv, while other groups exhibit only septate hyph® of 
characteristic foi^i and size. In working wdth fungi it is therefore of 
importance to determine first the septate or non-septate character of the 
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hyphsB. While the typical fungous body is of the naturp described, 
certain fungi may consist of only a single globular cell no larger than 
individual cells of a hypha. These simple fungous bodies may represent 



Fio. 104. — Outline diaKrain of a spore of PenicilJinm and stages in its germination to form 
hypbffi and a young septate niyeelium. (Adaptfd from Lafar.) 

primitive forms that have not yet organized a more complex plant body, 
or they may represent degenerates from more high specialized ancestors. 

A parasitic mycelium may be either external or internal^ that is, it may 
develop on the surface of its host, or it may grow within the tissues of its 


A 



Vio. 105. — A. young roll of a hypha. showing a highly vaouolato oytoplaam; li, an old 
coll with A single central vacuole and f>eriphernl cytoplasm. 

External mycolia generally appear as delicata whitish, cobweb- 
liko threads making an interlacing tangle or as sooty brown or black 
(breads of similar character on the surface of leaved, stems or fruits 
buch myceha are very characteristic ofthe powdery mildews and the 
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sooty molds. Internal mycelia are confined to the intercellular spaces of 
the host tis^e or penetrate into the interior of the host cells. These also 
may be clear or hyaline or smoky to dark brown in color. As they ramify 
through the host tissue, they are apparent to the unaided eye only when 
aggregated into dense masses. The presence of hyphse within the 
invaded tissues of blighting leaves or rotting fruits can only be dem- 
onstrated by microscopic examinations. 



Kk. 106. — The mycoliiim of llio silver-leaf funRUs {Strrrum jrtirpureum) growinj? on agar. 

When ii niyceliurn Ix'gins to spread from a point or focus in 'which it 
vs established, it shows a ienvlency to g;rv;w radially in all directions, and 
thus occupy an ever widening*; zone. This tendency is very frequently 
interfered with by the character of the substratum on whicjji or in which 
the mycelium is developing. This peculiarity is manifested by both 
saprophytic and parasitic forms. Fungus ‘‘fairy rings” are the fruiting 
b<Klie^ de\'elf)f)ed on or near the i)eripher>" of an advancing mycelium , 
which is concealed within the soil. Many fungous leaf spots are dis- 
tinctly circular, d^e to the manner of gnfwth of the internal mycelium, 
while rotting areas on fruits show a circular surface outline for the same 
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reason*. Fungous invasions of the bark of woody hosts generally develop 
slightly elongated or somewhat elliptical lesions or affected regions, due to 
the fact that the lengtliwise advance of the mycelium is more rapid than 
the transveise growth. 

Mycelial Plates or Fans. — In woody hosts and in some herbaceous 
hosts the mycelium becomes dense and compact and forms whitish 
fKickets or radially or longitudinally elongated v\hite plates or bands 
which are very evident when the invaded structures are cut open or 
broken. Such mycelial plates are esjiecially characteristic of several 



Fig 107A — Piece of tnnlier infepted with the myctlium of F The white 

masses of fiinpus hll np tlit nni?s ind rays prodin td hv Ihiir rottmp: 'ittion ( \ftfr 
Hartig ) 

rots of coniferous trees, such as the pines and spruces, where they occur 
within the disintegrating wood The serious chestnut blight of the 
eastern United States caused bv ti fungus whicli m tkcs gicate^t 
developinent m the inner Livers of the birk or in the c imbium where 
very characteristic tawny sheets of inycelium sj^ieiul out m fan-like 
forms 

Mycelial Strands or Rhizomorphs. — The hypln‘ ot a mycelium are 
sometimes ifjggregated in the form of c(»rd-hke or Ihread-likc strands, 
which are in reality fungous cables Such myctdial st lands vary from 
slender threads to others that arc equal in diameter lo good-sized strings 
*The strands generally branch more or less and ma\ freiiuenlly fuse to 
form a network In some forms they arc wlule and vi'ry conspicuous, 
while in other cases they are tawny or even dark brown 
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The hon^y agaric which is resp()nsibl<‘ for the so-called mushroom root 
rot of numerous hosts, especially fruit and forest trees, is frequently called 
the shoestring fungus, because of its brown root -like strands which mingle 
with the roots of the host or run over Iheir surface. Mycelium from thevse 
strands pei jtrates the bark and wood of roots or crown and causes the 
fatal disintegration or rotting of the tissues. On account of their root- 
like character these rhizomorphs frequently pass unobserved, but to one 
who liecomes familiar with their apix*araiice they offer a certain meano of 
determining the presence of root rot in suspected cases, * 



While these iiingou^ s[j;in<ls uriy store up some food, tliey are not 
primarily storage organs, bui serve ratlK'r lo bnng the fungus Jo new' 
hosts or to new jiarts of the same host ard thus \Mdeii or enlarge the area 
occupied In this w ly the fungus may spread from a single diseased tree 
to adjacent trees by a natural growth It is undoubtedly true that in 
orchard practice fragments of rhizoniorphs may be torn looseJ in cultivat- 
ing and carri(‘d away to other parts of the field. 

Sclerotia or Storage Organs. — Some fungi have developed the habit of 
producing dense compacted aggregate^' bf by pine which Ix^conie filled with 
food materials in the form of oil and other compounds. These structures 
vary in size irom fliose that are hardly visible to the unaided eye to 
others that are as large as a cantalou|)e or even larger, and are called 
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scleroita, the term being Aenved from the Greek work meaning "'hard ” 
Sclerotia are generally more or less rounded, elongated,^ cylindrical 
globular or ellipsoidal masses^ but they arc sometimes more or less 
flattened and irregular in form In many cases they are dark colored, 
either on Ihe surface or throughout the entire aggregate of cells In 



1 K, lOS Rhizomorphs or fungous strand*' of the sliocstririft fanyus ( Imid/ana vielha) 

( \ftii I r/tnti I ofa Plait hist a t ) 

parasitic fiipgi, they are formed eithei upon the surface of host parts, 
com exiled (>e(ween rotting leaves or within internal cavities Sclerotial 
formation is not peculiar to parasitic fungi, hut some saprophytes, like 
the cairion fungi and pore fungi, j)roduce underground storage organs of 
coiiMdeuble size "J'he so-called ''Tuckahoe Indian Biead” of the 
viutheastern states is a huge bclerotium of the bisidiornvcete, Po/ia 

fOfOS 
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A few examples of aclerotial formation by parasitic fungi which show 
interesting adaptations will be noted. In many regions potato tubers 
which show ^'dirt that will not wash off are of very common occurrence. 
These brown or black, hard masses which are the size of a pin head or 
larger (maximum 1 inch) are the sclerotia of a Rhizoctonia, a fungus 
which is responsible for the 
Rhizoctonia disease of potatoes 
and many other hosts. Alfalfa, 
clover, beans and some other nom- 
Icgiiminous hosts when suffr ring 
from a disc'aso knowm fis wilt pro- 
duce on the crown or roots, or 
within the juth cavitj’ of the basal 
poriioT^ of lh(‘ affected steins, 
rounded or elongated, seed-like 
bodu's, black without but whitish 
Within, wdiich are the storage 
orgMiis or sclerotia of the wait fungi 
iSih'/oi( fijn .'/>/>.) 

The ergoN of rye and oiIkt 
gnjss(‘s i)t(' clonoalod, cylindrical, 
black o/ jitiiph', horny sclerot»a, 
which lake tlie place of normal 
grains. Some fungi that are para- 
sitic on insects shenv a very 
similar development The fungu^’ 
gams an entmnee into the body 
of i\\v insect, and in the caterpill.o 
fungus fills up ttie entire lar\’d 
body ivith a dense mass tjf fungous 
tissue' which replaces the normal 
host structures The larva is killed and the 
tak('s its place 

Sclerotia are, in reality, .^torag'^’ organs filled witli tla* sjK'cial kinds of 
res('rv(‘ food fKaailiar lo flu sfK'cies of fungus 1)^ wliicli fliey are fomied. 
Although they ar(‘ vcgetrttive ^li net tires, }* ^ si'rvt (‘sjcniially the same 
f)urpos(' in the life of many fungi as spores’, for tliey ;ire able to wdtlistand 
adverse conditions w’hich would ])rov(‘ fatal lo endinary niycelia. In the 
sclerotial (‘ondition fungi arc able to endure extreme desiccatidn, or long 
ptu’iods of high temperatures or the rigors of winter. Attached to host 
parts, such as seed or propagating stock, or mingled with the soil or seed, 
sclerotia are frecpiently very effective frieans of the dissemination of 
parasitic fungi. 



— SoloroO"'! of Thi wilt fungua (Scle- 
ta tnff)f„orutn) ( 'i .linilf*' ]>laiits. 

'fungus caterpillar*' or cast 
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There is p;reat variation in the behavior of sclerotia. Those of 
Rhizoctonia reproduce the fungus by the production of new. vegetative 
)iyi>hae when favorable conditions for growth are offered; the sclerotia of 
wilt and other Sclerotinias alter passing through a winter period give 
to apothecial fruits, while the ergots of rye and othei grasses develop new 
structures, which in their turn produce perithecia, 

REPRODUCTIVE STAGES OR STRUCTURES 

The common reproductive structures of fungi are very small bodies of 
microscopic size, the spores^ which are either cut off from hyphae or pro- 
duced by sp('cialized structures known as spore fruits. Some fungi have 
retained a very simple method of propagation which does not involve the 
formation of six'cialized spores The production of new cells, by a proc- 
('ss of budding as in the yeast plant, essentially similar to the parent cell, 
IS a primitive type of reproduction, which is retained by some of our 
parasitic fungi, notabl}" some smut^. at certain stages.in their life cycle 

A. Spouks 

General Characters.- A spore is giaierally one to several si)ecialized 
cells which serve the purpose of disseMinnating and reproducing the fungus. 
A single spore under proper conditions of temperature, moisture ^Ind host 
relations may start the development of a new fungous body, a mycehvm 
From the standpoint (/ function or the part wliieh they play, spores are 
the ^‘scHids’’ of the fungus, serving the same purpose for fungi as the true 
seerls do for flow'ering or seed plants. Spores vary greatly in size and 
form and may be either (‘lear or dark, varying from slightly smoky to 
almost black. 'Idie micron or niicromilhmeter (^iooo millimeter) is the 
standard unil for spore measurement, the smallest forms being lju or 
less in diaini'ter, wlide in a few cases they may reach J millimeter oi 
sliglitly more In form they may be globular, ellipsoid, ovate, cylindnc, 
filamentous, club shaiKMl, star shaped, etc. (Fig. JIO). 

Sexual and Asexual Spores. — Spores may be formed as the result of 
a breeding act, that is, the union of two separate and distinct cells or 
elements (gametes) which represent male and female. Spores of this 
type may be classed as sexual, while those which are formed direct from 
hypha* without the intervention of a breeding act are asexual, or without 
sex. It is undoubtedly true that asexual inetliods of spore fonnatiou 
were the most primitive, while sexuality was a later acquirement. 

Kinds of Spores. — Considerable variation is shown in the structure 
and origin of spores and special names are used for the different kinds. 
Cfdamydospores are formed by 4he direct transformation of certain cells 
of a hypha, without the production of specialized spore-bearing branches 
Only scattered cc‘Hs may be* organized as spores (Mucor species) or the 
entire hypha may lie used up in spore production (Smuts). Swarru spores 
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or ^odspores arc naked protoplasmic masses provided with delicate vibra- 
tile filaments or thread-like processe^>, the crltA^ by means of which they 
are able to swim about. It is this power of locomotion whicli has sug- 
p^Cvsted the name ^oOsporc, or animal spore. The cilia, or organs of loco- 
motion, are variously arranged, different specie.*' or gioups of fungi 
showing one, two or a tuft of polar cilia, or they may be numerous and 
distributed over the entire surface of the spore, (^ertain swarm spores 
show a very characteristic kidney shape, with two cilia originating 
at the suture. All other spores ar< provided with a definite cell wall or 
membrane, and in many forms it is variously modified or thickened. 



Comdm is a genenil term applied to spores winch are pinched off or 
cut off from the ends of sjx'cial s}X)re-l)eanng hyplue, known as votndio- 
phores or conidia bearer.s. Such sixires may accumulate in clusters or in 
chains, and when in chains the terminal spore of the stones may be the 
oldest in one case, while the basal sjxire is the oldest in otheri. There 
an* many different kinds of comdia. Asnh^ntres are produced within h 
aac-likc or club-shaped structure, the ascuft. In a young ascus there art* 
two nuclei w^hich soon fuse to form a single nuck us. In a typical ascus 
this nucleus soon divides into two, each dividing again to produce four, 
while the number is again increased by division, the final number being 
eight. Each one of. these nuclei organizes a spore by surrounding itself 
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Fig 111 - Senndingrammafic drawings shoTving types of siwres and their manner of 
formation A yeast ce*la shovving pnmitjve method of propagation bv budding h 
formation of clilainjdosjiores ( chlafn^dospgres fornipil in a (ontinuous r ham D yeast 
hke method of r mductio of sorondary scores < haractcristH ot aonn higher fungi eg 
smuts E chiamydosporos ptoduced at the i nd^ of h:ypht F a spoiatigium lieanug a 
tangle non-motile spore, G, a globular sporangium (Mucor^Hype) v^ith numerous non- 
motile Bporei; /f, stages m the formation of umciUate s^arm spores from a sxiorangium; 
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and some of, the adjacent ascus contents with a protecting cell wall. 
The result is a definite number of ascospores enclosed within the parent 
cell. There may be a deviation from the typical number of spores in some 
cases, one, two, four or sixteen being the common exceptions. Where 
there is an odd number of spores in an ascus it is due to the degeneration 
of one or more of the nuclei. The production of ascospores is character- 
istic of one great group of fungi, the ascomycetes or sac fungi. In certain 
of the higher fungi, like toadstools, shelf fungi, puff balls and related 
forms, spores are produced on structures very similar to asci in form, but 
called basidia. The spores, the baatdiospores, instead of being produced 
within the slructme, are developed on the tips of either two or four (rarely 
more) slender terminal projections (sterigmata). The number of spores 
is always definite and limited, a single spore being produced on each ste- 
ngina In certain forms the basidia differ from the typical form by being 
divided lengthwise into four cells, each of which bears a spore, or they 
may filamentous and <iivided transversely into four cells, each of which 
forms a spore. This later condition prevails in the true rust fungi, the 
biisidium being designated as the promycelium and the spores as spondia. 

A spore formed by the union of two equal and similar gametes is called 
a zygoi^pore. This is well illustrated in certain species of black molds. 

In bringMig about this union or conjugaiion, adjacent hyphse produce 
la I oral branches, which develop in pairs, separate off a terminal multi^ 
nucleate' gamete from each, which fuse and form a thick-walled spore. In 
tins case' the two gametes which unite are equal in size and similar in 
Indiavioi, so that male and female cannot be recognized. These gametes 
are, thcTetorc, designated as fKJsitive and negative. Two positive gametes 
i)r iwo lu'gative gametes would n<q have affinity for each other and could 
not uiiU<‘ to form a spore. 

When the gametes which unite are of unequal size, the resulting spore 
IS called an oospore and the union is designated fertilization. The large 
gamele, the female cell, is passive, while the small gamete, the male cell, 
lb active. This type of spore formation is well illustrated in the white 
rust of Oueifers (see description under this disease). In the formation of 
Inith 7iygospc»reb and liospores nuclei of positive and negative gametes, 
or male and female gametes, fuse as the final act in conjugation or 
fertili/ation, Tloth zygospores and oosp<»T('<« are thick-walled resting 
\sp)res winch may cairv the fungus over an unfavorable period. 

The special types of spores peculiar to the true rust fungi will be 
reserved for consideration in the treatment of that group. 


I, a *oo«t>ornri#?juin from A^hich binliaU* s\%arm vporcs ha\p ))e€‘Ti formed, J, types of 
awtirio spores. K, stuRes in the dexelopinent of n syROspore from the umon of equal and 
similar cells (gametes') , L two types o\ oospore formation charaotenstir of white rusts 
and downy mildows, M, ffur of origin of oonidia; A, stages in the development of 

aaei and ascospores; 0, P, Q, three asci showing different arrangement of the ascospores; H, 
ctagne in the development of a basidium and hasidiospures; *S, T, two other types of basidia 
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B. Spore Fruits 

General Characters. — In the simpler forms of spore production, the 
spores are cut off from the ends of specialized, free aerial branches or 
conidiOphores, or organized within the interior of specialized cells called 
sporangia, these spore-bearing branches being produced direct from the 
mycelium. With further development there is the organization of 
definite complex aggregates of spore-bearing hypha*, frequently sur- 
rounded by more or less supporting and protecting tissue. It is these 
complex' aggregates which can with real propriety be designated as spore 
fruits, since they are liighly specialized structures adapted to spore pro- 
duction, protection and dissemination. Aerial conidiophores and 
sporangia represent a more primitive condition before the organization of 
the more complex spore fruits. 

Kinds of Spore Fruits . — Aerial conidiophores arc special branches of 
the mycelium set apart for spore production. They may be simple or 
variously branched, single or in groups or tufts and extend upward from 
the substratum so as to facilitate the separation and setting free of the 
spores. This type of spore production is very characteristic of the 
summer or conidial stage of powdery mildews, certain downy mildews 
and many forms of imperfect fungi. 

The aerial conidiophores may arise singly from vegetative hypha* 
either on or within the substratum. In the case of leaf parasites if is not 
uncommon for one or more to emerge to the exterif)r through a stornatal 
opening, thus forming conidial tufts or fasciides. Each sftoro-bearing 
branch may give rise to a single spore only or an indefinite number may 
be produced, which become groupt'd in chains or clumps or are detached 
as soon as mature. Wluui chains of spores are formed, either the proxi- 
mal one or the distal one may be the youngest. A conidios{X)re may be 
cut off from the end of the conidiophore by a cross-septum, or it may 
develop as a bud-like outgrowth from the conidiophore or from another 
spore. 

In some of the imjierfc'ct fungi dense fascicles of erect conidiophores 
may l>e grouped together, ihus producing a fruiting body known as a 
coremiym, composed of a, sterile stalk of parallel hyphir and a terminal 
head of fertile or spore-lx?aring branches. This is the common or normal 
type of fruiting body for some fungi, while in others it appears to be* 
induced by environmental conditions. 

Sporangia are generally borne on aerial hyphse which bear the same 
relation to the substratum as conidiophores. The special cell which is 
destined to form spores is separated off from the free end of the hypha by 
a cross-wall and organizes within its interior an indefinite number of 
spores, which are later set free by the breaking of ^^he sporangial wall or 
through a special opening. In strictly aquatic fungi the sporangia form 




Fu. 112 S<?rni(luigiflmmali<’ dra^Miippi of tvpea 0 i >nidiophor68 and spore fruits 
1, a downy mildew’, Poronosporti. H hliie mold or Penicillium; C, Astnirgilias, D, Ceit*o- 
six)ni, E, seciioii of a aorua of white mat ( Mbiigoj with enlarged tonidiophures and eoiiidia; 
F, section of a tehuni or tcleutosonm of a Inie rust with a single enlarged fe^liospore; 6", 
section of cluster cups or spcia and pycnia (aliovc^ with each spore fniit enlarged, H, eoni 
diophores and conidia of the apple-scab fungus, I, three types of coremia; J , a habit sketch 
of pycnidia, K, section of a pycnidinm with a spore tendril protruding from the ostioie. 
L section of a stromatic pycnidium; V section of a stroma with several immersed py^’nidia, 
^V. detail of small portion of the wall of a pycnidium showing coiiidiospores and conidia or 
pycQospores, 0 R, types of acervuli, S-U, types of sporodochia; F, three different types of 
f onidiophoroa from spore fnlits. 
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swimming or swarrn nporen adapted for lite in the water, w^iile terrestrial 
species may form only non-motile spores adapted to air or wihd dissemina- 
tion. Some terrestrial species very closely related to aquatic ancestors 
have retained the swarm-spore habit — for example, the white rusts and 
some of the downy mildews. 

In certain fungi the syiores are grouped in small or large masses or 
clusters to which the name .sen, which really means ‘"little heaps/' is 
applied. The whitish spore dots or pustules of tlie white rusts, and 
spore dots or pustules of the r(‘d or black rust slages of the true rusts, are 
designated as son, while the term is also applied to the much larger, black, 
powdery spore masses of the smut fungi. A single sorus is a group of 
either spores alone or spore-hcanrg hyphir or stalk cells wil h sjiores which 
may sometimes be nungled with sterile filaments, ^on may be naked 
covered, that is, they may remain covered with some of the host tissue, or 
the spore maases may be exposed to the surhiee so as to apiiear granular 
or powdery. The red powder which is abundant on the leaves and stems 
of badly rusted wheat or oats or other cereals onginates from numerous 
sori which break out through the host tissue. The smut dust which 
comes from a threshing machine working on heavily smutted grain is due 
to the breaking up of the smut masses or son, the dust particles being 
either single spores or groups of spores. Many of the irue nist fungi 
also produce small, flask-shapf*d fruiting bodies, the pyrnm or spermgffonia 
embedded in the host tissue, generally leaves 'Plu^se apjiear on the 
surface as minute specks or pimples barely visible to the unaided eye 
The inner wall is lined with numerous hyphal branches which separate 
off minute, baclena-hko bodies known as p if ( mos pores or spcrmntio. 

Ortairi species of the true rusts form another tyjK' of fruiting body 
which appears soon after the pyrnm and generally m connection with 
them. In the most typical form of these wna or (ickIui^ iIktc is a mass ol 
closely packed, yellow- or orange- colored spores borne within a ciqvhke 
structure conqiosed of sjiecialized but sterile^ fungous cells. The sur- 
rounding membrane may 1 h' toothed, lacerate or eul into long lolies, 
irregular (ir entirely absent. The a'cia are generally jirodueed in groiqis 
or clusters, which with the cup-like form has suggested the name ""cluster 
cup/’* which is fr<‘quently applied to this spore stage d'he cenosporesy 
when mature, readily* rat tie out of +he little cups and are borne away by 
air or wind. 

The py^nidium (pycnid f(»r shoit) is a typo of fungous fruit that is 
peculiar to certain imperfect fungi or may occur in the life cycle of 
some sac fungi. In typical form it is a more or less globular structure, 
embedded in the substratum aud ofHuiing out to the surface by a pore 
known as the osiioJe The wall of the pyenid generallv consists of one to 
several layers of fungous cells with simjile or branched ccmidiophores lin- 
ing its inner surfaw. Spores are produced in large numbers from these 
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conidiophorfis ^and either accumulate within the pycnid or are forced out 
through the Ostiole. These pycnospores frequently accumulate in sticky 
masses over the pycnid or are forced out in long coils or tendrils. These 
tendrils or spore horns'^ vary from those of microscopic size to others an 
inch or more in length These spore threads are frequently hard and 
horny when dry, but when soaked by rains become soft and permit the 
separation and washing away of the spores by solution of the mucilagi- 
nous matrix in which they are embedded. Pycnidia are generally minute 
structures, barely visible to the naked eye as pale, smoky, black^or even 
colored bodies immersed in the substratum or resting on its surface. 
They may be embedded in an aggregated mass of fungous tissue known as 
a stronia. 

The acervvhis (plural aeorvuli) is a type of spore fruit that ip peculiar 
to the MelanconiaJes, a group of imperfect fungi, and appears in the life 
cycle of some sac fungi. In typical form it consists of a saucer-shaped, 
depressed structure which bcjirs conidiophores over its exjH>sed surface 
and sets 1lu' spores free by rupture of the sujierficial (‘cll layers of tiie liost. 
/Veervuli are comparable to pycnids in size and in the manner of spore 
production and liberation. The basal matrix which boars the conidio- 
I)hores, and is comparable to the pycnidial wall, may be well developed 
ami very evident, or it may be almost lacking. 

( Wtain other conidial fruits, the sporodochia (singular, sporodochium) 
are ver} similar to the acervuli, except that there is a development of a 
pronounced stroma-like cushirm of fungous tissue, which breaks through 
1h( host tissue and bears couidiophores over most of its exposed surface 
Sporodochia may also be seated in a mass or tangle of inyctdiuni, which 
has tiecoinc sujx'rficial. 'bho sjiores may accumulate in sticky masses or 
they may be dry and po\\dory. 

In some of the more primitive sac fungi, the asci or sp(tre sacs are 
arranged side by side in an extensive layer over the surface of h»)s» parts 
without being collected in deliiiite fruit iny bodies (leaf-curl fungi). A 
c1os(k1 ascus or aseigerous fruit, thi* cleistothecitnn (also called a perithe- 
cuim) is characteristic of the ]>owdery mildews ft is developed immedi- 
ately following the union of male and female gametes, the product of the 
union growing at once into a new strucrure rather than organizing a 
definite resting spore. The ascus fruits ate borne in the superficial 
mycelium and appear as minute, globular or slightly depressed black 
bodies easily visible to the unaided eye. A single fruit conf?ists of a 
surrounding envelope of brown, sterile fungous cells whicli completely 
encloses one or more asci. Sterile threads or hyphie known as appendages 
extend out from the deist othecium wall acid exhibit characteristic hirms 
in different generic types. The ascospores are not discharged until the 
warm spring rains, whl^n the wall of the spore fruit ruptures and exposes 
the asci which burst and forcibly eject the ascospores. 
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Fio. 113. — BeniiduvKruniivi.iti* drav-jniEft of cuscigctous fniiia aiwl 8inipl<‘ aH(‘us'-forimii^ 
fungi. A, Aurface and scftioiuil \iv\s of u clost-d arp of VbyK'rj'illuti \\ith j : sinjrh 

enlarged aaoua: B, haldt skofch xicw with <*b( aping .usci, onlarged H'jr Uh and ai ( tion 

of a peritbecium of a powdery inildp>\ . t vertiral sn tion of a typical oBtiol/ite iienihonuin 
D and E, oertions of stroiiiata witli immersed penthetia. F, habif sketrh of typical {leiithe 
cia; <7. aeclion of a peril hocium with long neck showing ho\ the asci are released and lor^^ed 
up to the uBtiole for the discharge of spores, ^/, s<»ciioii of a pcnfhecium showing the nmuaci 
of elongation of asci through the ostiole for the i^xpulsioii of the ascospores, /, two tyjK- 
of a^rl nno with terminal sphineter the other terminal canal structures used in spore di', 
charge^ J, fouj types of ajiothecia or fruits of cup fungi; A', section of a sessile apothccnim 
If, section of a stalked or stipitate apothenum; asci and paraphysc's or stenh filaments 
from a typical apothecium. showing one empty ascus with the lid separated, O, vegc 
tative yeast cells and sporulating cells or simple asci; F, asci of a simple filamentous fungus 
Endomycek, Q, leaf of poach affected by leaf curl, or Taphrim <kf&rmarM; iJ, asci from the 
surface of the same leaf. 
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The typical perithecium (plural perithecia) resembles a pycnidium in 
the form, size and character of its wall and exhibits a similar opening or 
ostiole. It is then a more or less flask^shaped l)ody of fungous tissue 
enclosing a group of elongated or club-shaped asci which arise from a 
basal aggregate of cells. Mingled with the asei there may be sterile 
slender filaments, the paraphyWj but these structures are not always 
present. Perithecia may be borne single or in closely aH8ocii*^ed groups, 
either immersed in host tissue or su[X."rhcuil, or they may be aggregated in 
compact masses of fungous tissue, or dromata. Some fonng^ show no 
definite perithecial walls but appear as cavities in an undifferentiated mass 
of parenchyma-like tissue. Ascospores are sometimes set free from the 
perithecium in sticky or gelatinous masses, but in most of the parasitic 
sf)eeies they are forcibly expelled. In a typical case an aseus elongates 
and pushes its tip througl) the ostiok* A strong hydrostatic pressure is 
developed wilhin the aseas, and this finally ruptures the aseus wall or 
forces an opcming. With the sudden release of pressure the charge of 
ascOvSjxires^ eight in numVi, is shot out into the (lutsitle air. The old 
ascus wall then collapses and another ascus is pushed up to the ostiole 
and thc‘ process of spore discharge is rejxaited. This expulsion then 
eoniinues until all of tie* asci have litKTated their spores. 

'V\\i\apothe(iitm is a third tvjK" of aseus fruit and in its t^-pical form 
consists of a disk-like, saucer-shaped or cup-like body, seated on or in the 
substratum or raised (.n a long c»r short stalk or stijx^. 1'he exposed flat 
(‘1 eoneave surface coaswts of an extended layer of cylindrical asci, 
closely paeked side by side (the hyineimiin) and generally mingled with 
more slender stcnle hyjihie, the paraph yses. The i\all of the disk or cup 
IS made up of siippi^rtnig fungous tissue, filamentous in character or of 
closrdy packed cells (pseudoparenchvma). Apothecia vary from minute 
structures baiel> visible to the unaided eye to others several inches in 
length f>r diameter, and are usually more or l(^s fleshj^ in character, which 
IS in contrast to the firmer 1extun‘ of ]x*rithecia. Some of the saprophytic 
fungi produce greatly modified afxjthecia, as illustrated by morels, saddle 
fungi and their allies In these forms the cup has }x?en practically turned 
inside out, and in the nioiels shows a gn^atly convoluted hymenial surface 
giving much larger space for the display of asci, while in the saddle fungi 
the enlarged cup is folded so as to suggest the common name. In the 
truffles the cup remains closed and develops underground, never coming 
to the surface to discharge its spores In the great majority of apothecia 
the ascospores arc std free by explosion of the asci. In these, however, 
there is a simultaneous di.scharge of numerous asci, with a resultant cloud 
of spores generally visible to the naked eye. This phenomenon is spoken 
of<L8 the "'puffing of spores/’ and serves to separate the spores from the 
fruiting body and ty facilitate effective air or wind dissemination. 
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jlG 114 bomidiuKra iinmtK draninK^* of »>a8iil,un. fnnU A fruul>cri\ lilcited 
with r(>8^ bloom ({< xobas diurn onjcocti) s»io\Miip folarfrtrJ flower like lateral Hhoof li 
baaidia from the Btirfau of one of the Iniartroi hitd h aveb shriwii in A ( red kaf spot of 
the cranberry with lea! and stem lesions which jirodme bawclia siinfiar to those' shown m 
I’m H, J) flaw of stem Hhowinu a sirnph basidml felt (Hypochnus oi^rortimim type) 
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In some of the more primitive basidium fun^ there is no organization 
of a definite* fruiting body, the basidia being produced from the general 
mycelium which develops on or within the substratum. In certain 
parasitic gall-producing forms (Exobasidiales) the basidia originate from 
an internal mycelium and are produced over the surface of the enlarged 
and modified structures, the relation being very similar to that of the 
asci to the mycelium in the leaf-curl fungi. The production of spores 
gives a whitish, powdery appearance to the basidial surface. In some of 
the mold-like basidium fungi, the basidia are borne in irregular cluslers or 
groups over the surface of a superficial mold-like growth. This is the 
condition which prevails in Corficium i^agum, the cause of the Ithizoctonia 
disease of p(dii(()es and other host.« when the basidium stage appears as a 
whitish, powdery, mold-like covering on the surface of the stern just above 
ground level. 

In *he great majority of basidium fungi, the basulia are gr()ui>e<l and 
supported b.y rather complex vStructures which may be designated as 
vompoumi .'<jwrophorcs. These sporophores are of varying texuire and 
may be fleshy, leathery, horny or woody. Some are small but they are 
generally large in comparison with other ty{)es of fungous fruits, the 
greatest si/e being reached m some of the giant puff balls and monstrous 
bracket or shelf fungi. The prime purpose of the sporophore is to afford 
a siirfaee for the support and display, and in some cases for the protection, 
of the basidial layers, and the surface is increased by various structural 
modificati(»ns. The simplest sporophores arc simply prost rat e layers of 
fungous tissue with a smooth, plain basidial surface. Other forms may 
be sim])le clubs or compound clubs and more or less coralloid, while others 
are c)f the toadstool form or still others bracket -like or shelf-like in charac- 
ter. Puff balls represent a still different modification of the basidium 
fruit, with basidia develofX'd entirely within the closed fruit The 
smoking ” of puff balls wlieii scpieezed is tlue to the liberation of innumer- 
able numbers of basidiospores. In the different forms of sporophores the 
basidial surface may b(' inci eased by wiiiiklcs, ridges, loot h -like projec- 
tions, thill plat(*s or larnelhe packoff closely together, a honey com Wiko 
structure or minute parallel tubes which a[)jx?ar as pores on the under 
surface of the spf)rophor#\ 

h!, hyplin'’ ;iiul li.isitijii f/tun I), F, habit nkclch and section of a plum re8Ui>iiiato sporo 
phoro (Storoiim tyraU, fi. t>pir:iJ tiiiHiUia with oni s’ ^rilc roll or rystidiTini; II I ro-siipi- 
nato ahrhiiiK and stalkod sporophores nith toothed basidial surfaces f^llyduiini tvi>e), J 
Hp<»rophore > fairy rhibs and roial funpii (Clavaria type); K, ha!»it Mkcti'h of a rosiipinate 
Iioroid spoiojihore, L, sections of annual and perennial bracket 8porophort‘S (Poli'poins 
and Fomea types). M sei'lion through a single pore showing arrangement of the basulia, 
N , O, imbricated bracket fruits of the jiore type, P, Q, stipitate or stalked sporophores, 
the basidia in pores. R, sporophores of gill fungi or toadstool forms (AgaMcns tyiie) . T, 
section of a toadstool form through the middle f*f the cap or pilous and the h(ipe or stalk 
Sho\%ing the Mirving Icngth.s of the bnAidiuiii-bearing plates or lamcllo*; V, arrmigement 
of the gills iiH \ lowed lioin the under .surface of tlie pilous, F section of a poitioii of a gill 
sliowing arrangement ofAhe basidia, M', upper surface of the sporophrtre of a common gill 
fungus {tSchizophyllujft aln<um), X, under Burfas’e of the same sporophore showing the 
arrangement of the gills or lamellae. 
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But very few of the club or coral fungi or the puff balls furnish para* 
sitic species, but there are numerous parasitic species which illustrate the 
other types of sporophores. The basidium fungi are the principal wood- 
destroying forms and may produce either root or trunk rots. 

Refereoce 

See textbooks listed at the end of Chap. I 
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DISEASES DUE TO DOWNY MILDEWS AND ALLIES 

OOMYCETES 

The parasitic fungi which form a non-septate mycelium and reproduce 
by the development of oospores, unless sexual sponis are omitled, and by 
either swarm spores or conidia (the Oomycetes) may be placed in the 
three following orders: 

1. The chytrids (Chytridiales) with a plant body consisting mostly 
of a single unbranched or only slightly branched cell. While this order 
iiicludes many sj^ecies which are parasitic upon algie, it also furnishes a 
nuinl)cr of very important pathogenes of our crop plants (see special 
treatment of Diseases Due to Chytrids, {'hap. XVII). 

2. The water molds (Siiprolegniales) with well-developed mycelium, 
principally saprophytic in habit. Many of the species may l>e found in 
the fresh waters of streanLS or lakes living upon dead inst^ets, fish or 
plant remains, while others are common in the soil. A few forms are 
parasitic on fresh-water algie, fish or other aquatic animals. 

Asexual reproduction is l)y biciliate swarm spores produced in special- 
ized s|)orangia winch are mostly iKT.'^’istent. Sexual rcpn^luetioi is by 
■intheridia and oogonia containing one to several naked oospheres or 
egg cells The order comprises two famili(\s: 

77/e Lef)t(fjn/tarc(v including six geiKTa, all s|>eeie.s saprophytic. One 
^|)^‘cie^, Leittomdus InrtruSj is lioleuorlhy Ixrause of its development in 
drain pii)es ami sewer water. 

The Suprokcjniiu'eiv including fourteen genera, of which only one, 
Aphanomyces, if^ of importance as furnishing destructive plant parasites. 
Plectospira is of minor importance. 

3. The p 3 rthiaceous fungi, white rusts and downy mildews {Perono- 

whicli are principally parasitic in habit, and for the most part 
obligate parasitics. The chief distinguishing fe;itures of this order are; 
(a) a well-developed non-septate mycelium which is intercellular, with 
the exception of forms of Pythiaceie, v\hieh are also intracellular; (6) 
asc^xual reproduction by couidui {zoosporangia) ^ which in the more primi- 
tive forms produce swarm spores and hence are sporangia, while in the 
highest types on infection hvpha is the first product of germination; and 
(c) sexual reproduction, when this is^not suppressed, by the union of 
UTietiual and dissimilar garnet t‘s to form oospores. A large female cell or 
oogonium produces fit her a uninucleate or multinucleate gamete, while the 
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male cell or arUhendtum it* smaller and gives nse to several male gametes 
or sperm nuclei. The three following families are recognizefl; Pythiacece 
Atbugiiuicem and PeromsporacecR. 

PYTHUCEiE 

This family represents transitional forms between the water molds 
(Saprolegniales) and the downy mildews (Peronospoiacea') They have 
specialized in the development of zoosporangia In the more primitive 
forms definitely differentiated comdiophores are lacking, the swarm 
sporangia* being formed from ordinary hyphae, to which they remain 

attached Aenal comdiophores, when 
formed, may be delicate or robust, 
and either simple or branched 
Typical oospores may be formed, oj 
in certain species they may be either 
rare or entirely suppressed. 

The important genera may Ix' 
briefly characterized. 

Pythium. Swarm spiirangia rm 
branches s’lmlu to the mycelium, 
spherical, ova^, ol>{)VJiform, filamen- 
tous, etc Spoiangia germmate by 
a rui)turo or by a beak through 
which the protoplahmic contents ar(‘ 
extruded into a thin-walled ve'^iclo, 
after which they are differentiated 
into laterally bicihate (umcihate 
according to some authorities) ^warm 

liQ 115— Pythtum debaryanum 4 sport's SoinC SpCCies produce tCllPl- 
r>ran< hed my< eliuni li a youngs /ooapo 

/aiigiuin, c zoosporHugiiim with extruded nal or intercalary gemma* oi comdi i 

.ontenta wh.<h has orKanu«i swHTm gimilar to tlie SpoiailgU, whicll 
8porc^ D free swarm spoies E anther i- o * 

idiuni F oogoriuiin G oosphere // an germinate by swariii SJXllCS or iftei I 
mten alary zoospor iiiKium uida/rf'-d res! pel io(l by a germ hv phti DimN 

germination is also characlen'^tu* 
of the. resting oospores ('Nematosporangium formeily considered .i 
distinct genus is now merged with Pythium ) 

Phjtophthora. Sporangiophures simple or bi anched, generally emerg- 
ing through the stomata of the host, hut sometimes through epidermal 
<ifells Sporitngia at first terminal but beeoimrig lateral b> the further 
growth of tlie branch, and thus produced in huccession The geimination 
may be pythiaceous, without the formation of a vesicle, or b> the direct 
formation of an infection hypha * The genus was formerly included with 
the Peronosporace®, but certain six^cies can be scarcely distinguished 
from Pythium. Phytophthora species differ from the downy mildews in 
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producing an intracellular growth as well as •intercellular, in not being 
obligate parasites and by the successive development of the sporangia. 
Oospores lacking or, when formed, of the typical oomycetous type, or in 
certain species “amphigenous,^’ that is, with an antheridium in the form 
of a basal collar. (Phythiacystis, Kawakamia, Belpharospora and 
Pythiomorpha formerly described as distinct genera are now merged 
with Phytophthora.) 

Trachysphsera. — Sexual stage similar to J^hytophthora with amphi- 
genouR antheridia; one or more globose echinulate conidia (sporangia) 
on steiigmata borne on an enlarged vesicle at the lip of th^ sporangio- 
phore Germination by germ tulDe; no sw^ann spores known. 

ALBUGINACE E 

General Characters. — This family has received the common name of * 
the white rusts because of the abundant production of w'hitish fruiting 
pustules which burst through the host epidermis in much the same way 
iis the colored pustules (reddish or black) or son of the true rusts. The 
sjiecial features which characterize this group are: 

1. ''Hie production of conidiophores in associated groups, or sori, 
l>eDentli the host epidermis, which later break through and expose the 
powdery or dusty mass of sp^ircs (conidia — in reality, sporangia). 

2. The unlimited production of eonulia (sporangia) in chains. 

3. The germination of lx>th conidia and odsjiores by the production of 
zoosp<»res or swarm sporoR. 

The Development of Mycelium and Asexual Reproductive Structures. 

First infection results in the development of a copious growth of inter- 
nal, intercellular, non-seplale mycelium, the liyphjc showing convRiderable 
irregularity in diameter. The mycelium soon organizes 1 he characteristic 
groups f)f conidiophores which develop l>enea1h the epidermis, raising it, 
10 make whitish pustules or extended blister-like areas due to the merging 
of adjacent sori. As soon as the covering epidermis ruptures, the conidia 
or spurn ngia*are set free and may germinate at once if favorable condi- 
tions ore ^fTered. These conidia arc the so-called “summer spores'" and 
serve for the rapid dl^^sennnnt ion of the fungus during the growing season 

The conidiophores ar(' short, basally branehed, club-sha|MMl sti'uclures 
and give rise to simple (diaiiis of sporOv^. The riuinbor of spores produced 
IS indefinite, and tlioy are formed in .Ipetal succession, that is, the 
conidiophoro forms a cross-wall or septum, cutting off that portion which 
is to become a spore. This gra<lually takes on the characteristic form, 
the conidiophorc increases' in length, a second spore is cut off and the 
process continues, resulting in the simple chains of rnnltinucleate conidia,^ 
generally separated one from another by* short neck-like projections. As 
comdial production continues, the older, terminal portions of the chains 
break, setting fjjse^the individual conidia. 
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The conidium does not normally germinate by the production of a 
hypha or germ tube, but becomes a zoosporangium. The protoplasmic 
contents divide into six or more portions, which emerge through an 
opening as naked protoplasts or swarm spores, each provided with two 
unequal lateral cilia or organs of locomotion. They are able to swim 
about actively, but soon come to rest, absorb their ciha, surround them- 
selves with a cell wall and germinate by the formation of a germ tube. 
If this germination occurs on a susceptible host, the infection thread 
will penetrate to form an internal intercellular mycelium. 

The Formation of Oospores.- The same mycelium which has pro- 
duced .son wnll a little later in the season organize the anthendia and 
oogonia and produce oospores which remain wUhin the host tissue 
These are the so-called v\intei spores,’^ and serve the important function 
of c.iriymg the fungus o/er the winter penod, as they will not germinate 
until the following spung 

The oogonia ind inthendia are formed on the internal intercellrlai 
mycelium, each apjxunng on separate but adjacent hyphie The oogo- 
nium Is a laige globular inultinucleatf cell, the anlhend urn a smaller, 
more or less globular cell One oi more anthendia come to occupy a 
fxisition close to vin oogoinuiri Ihne aie two diffcuenl types of egg 
organization within the oogonium In ceitiin species Candida) the 
protoplast becomes differentiated into a peripheral or external zone, the 
periplasm^ which contains many luielei, and a central mass, the egg hllj or 
ooplawn, which contains a single nucleus In other sjxicies of white rusts 
the cential ooplasm remains muJtinucieate (4 hhti and .1 po/tuI/i((p) 

The anthendium, winch is a muhinucleale cell, produces a short, 
tube-like outgiowlb, iha ft rtilunicj iulx, which penetrates the jx^nplasm 
and comes in (ontaet with lla egg The antheiidial or male nuclei are 
discharged through tins (ulw into the egg cell In the uninucleate cfig 
the female nucleus fuses witli a single male nucleus, and in the multi 
nucleate egg fern de and m do midei fuse m pairs, this nuclear union 
conct tuting the piouss of h itili/ itioii 

Following fcrtili/ ilion the (‘gg js gi idiiillv ti insformcd into a thick- 
walled oospore Tlie fieripl ism is disorbin], the oospore w dl darkens ind 
thickens^ and do\elops cli u ick ri‘-lu exttind ndges, loticulations or 
knobs, while the intoTior of the oo^poie becomes filled with an ibundance 
of reserve food in the foim of o^l^ oi T ‘tt> globules The fully develoixxl 
oospore Ires within the old erupt \ oogomal (‘ell 

The oospofes are set fiee onl^ bv the wt*athenng and decay of the host 
parts in which they were foimed They are resting spores and will not 
germinate until they have been subjected to winter temp>eratures 
Mender favorable spring conditioifs Ihey germinate by the prcxiuction of 
swarm spores The oospore wall splits and allows the internal, trans- 
parent, sac-hke membiane contammg tlie swarm spores to protrude 
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This sac finally ruptures and the biciliate swatm spores escape. These 
swarm spores behave in the same marner as those formed from the 
conidia and will produce new infections under favorable conditions. 

Albugo is the only genus. 

PERONOSPORACE£ 

This group has received its common name of the downy mildews from 
the characteristic production in the typical species of aerial conidiophores 
in loose white tufts or downy aggregates on the surface of the substratum. 
The special features which characterize the group are; 

1. The production of simple or branched conidiophores which gener- 
ally emerge in small groups from the stomatal openings. 

2. The limited production of conidia (sporangia), a single spore being 
developed from each branch of the compound sporophores, the maturing 
being simultaneous, rather than successive as in Phytophthora. 

3. The germination of conidia. either by the formation of swarm spores 
or by direct development of infection threads., 

4. Oospores germinate by direct production of a germ tube or infection 
thread. 

The downy mildews generally produce only an internal, intercellular, 
non-septate mycelium, very similar to that of the white rusts. The 
aerial conidiophores constitute the most distinguishing feature, and 
clearly separate the downy mildews from the closely related white rusts 
Following an infection there is the development of the characteristic 
interna! mycelium w’hich frequently becomes aggregated in the substom- 
atal chambers. One or several aerial conidiophon^s grow out through 
the stomata, and become branched sporophores bearing more or less pear- 
shaped conidia (sporangia) singly, but never in chains as in the white 
rusts. The conidia germinate by the formation of an infection thread or 
germ tube in Peronospora and Bremia species, but in the other genera 
swarm spores are produced. {Bnmta farturce may also form swann 
spores.) These are either set free thiough a germ pore as fully matured 
swarm spores, or Ovseape surrounded by a delicate vesicle within which 
they complete their development Oospore formation is essentially 
similar to that described for the white rusts A deviation may be.noted 
in Sclerospora, in which the oospore completely tills the oogonium and 
becomes closely adherent wuth the oogoi m' wall. OosiX)res which have 
l>een observed to germinate give rise to a germ tube instead of forming 
swarm spores (except in Sclerospora), or produce a promyc?lium which 
forms a single zoosporangium (see Downy Mildew of Grape, page 439). 

The following are the most important genera : 

Sclerospora. — Mycelium intercellufar, wdth vesicular haustoria; 
conidial stage inconspicuous in most species; conidiophores stocky anc! 
solitary or in gro^ijSs of two or three oospores generfdly conspicuous, 
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permanently united with the walls of the oogonia. Oospore germinating 
by swarm spores. 

Plasmopara. — Sporangiophores slender, tree-like in form, solitary or 
fasciculate from the stomata of the host, monopodially branched, more or 
less at right angles, the ultimate branches obtuse. Germination by 
swarm spores, or the entire protoplasmic niass may escape and then send 
out a germ tube. 

Pe“->noplasraopara.--Sporangiophores as in Plasmopara, but pseudo- 
monopoJially branched, the branches forming more or less acute angles, 
with th(^ ultimate portions acute. Germination of sporangia by swarm 
spores. 

Bremia.- Sporangiophores dichotomously branched, the branches 
terminated by disks or swellings which give rise to short radiately 
arranged, conidium-bearing branches. Germination of coiiiclia direct or 
sometimes by ‘:>warm spores. 

Pe/or'.>spora. — ('onidiophores dichotomously branched, at acute 
angles, the ultimate branches acute. Germination of conidia direct by 
lateral germ lubes. 
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LATE BLIGHT AND ROT OF THE POTATO 

Phytophthora infefitam (Mont.) De By. 

The latc-blighl attacks and kilL the tops of the potato plant and 
invade® the tubers, causing either a dry or a v^et rot It is undoubtedly 
the most serious of all the potato diseases when conditions are favorable 
for its development 

History. T\us disi'abc* was introduced aln ost simultaneously into Europe and 
North \inenc:i soimtune between 1830-1840, the exact dale being uncertain It is, 
however, (citam that the tiouhle W'as well cstah ishrd m Ireland, England and on the 
( ontiiK'iit h\ ls42, and heeanie widespiead In LSlo At about the same time the 
disease altnicled attention in Massachusetts, N^w Yoriw and Pennsylvania. In 1845 
ihe late l))igh( became epiphvtotu in both Eiiropi d eantern North Amcnca, where 
it dc instated the fields and left famine in its wake. The notable Irish famine of 1845 
and 1816 w^as due largel> to the failure of the potato crops, which at thfit time con- 
stituti'd the staple food of ovci four million of the people of Ireland India was not 
invaded until between 1870 and 1880, and in 19tl9, Australia, w^hieh wras long thought 
to be immune, had the disease rccord»'d in eveiy state. It was also severe m South 
Africa in I9t)9. 

When the blight fust became pre\aleiit but liitle was known about fungous para* 
Sites and most of the earli^' writers attributed it to various causes, such as electricity, 
some unfavorable atdTosphenc influence, wet season^ wet season combined with 
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drought and frost, insects, ruptures of the cells, a weakened or impaired constitution 
or the direct visitation of Providence. Von Martius in 1845 attributed the. disease 
to a fungus, and his opinion was also affirmed by Morren, but their ideas made little 
headway against the ignorance and superstition of their time. The final acceptance 
of their views was due to the masterly work of De Bary in 1861-1863. Since 1904 a 
voluminous literature has accumulated dealing with various phases of etiology and 
control. 

Geographic Distribution. — Although the late blight has become world wide, its 
occurrence in different countries is limited to a certain extent by climatic factors. 
In North America the region of greatest severity includes the New England states. 
New VotK, New Jersey, Pennsylvania, adjacent Canaila and states of corresponding 
latitude as far west as Iowa and Minnesota. It occurs in less severe form a little 



Fiu. 116. — Sections through tubers affected with late blight ro< due \o Phytophihoro in/t .'ytatts. 

farther westward and in sca1t<‘rt*d sections of the At Ian lie states to l''londa. It. is 
also known in Cuba. West of the Roeky Mountains it oeciirs in several sections in 
California and Oregon and is of inerea.sing ini|M>rt;tnet‘ in the Pugf‘i Sc)nnd c<nnitry. 

The disease occupies that portion of Europe wliich lia.s a climate^ corresponding 
to the American regions in which it is prevalent. This includes Russia and other 
states west to Great Britain and 1 ranee, in the latter of which it generally reaches 
great severity. It extends in less severe form us far south as Italy. 

The cabsal fungus is a native of the northern Andos, from which section it was 
introduced into America and Europe, and recent literature recognizes the potato 
blight as an important disease of those South American sections which offer favorable 
conditions. 

Symptoms and' Effects. — After blossoming time the blight appears on 
the foliage, where it causes brown, dead spots or extended dead areas 
more frequently until the leaves are killed. The dbad arciis appear at 
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the tips or margins of the leaves and spread ^downward, the rate of 
advance depending upon the weather conditions. If moist weather pre- 
vails the entire leaf may be killed in from one to four days. If dry 
weather follows, the infection advances more slowly and the blighted 
leaves soon curl and shrivel, while under moist conditions, they remain 
limp and soon decay, often emitting an offensive odor. It is generally 
the lower leaves that first show the disc^ase but all portions are affected 
and there are numerous infections in severe cases, primary lesions appear- 
ing on petioles and stems as well as upon the leaves. 

In dry, clear^ weather the number of leaf lesions is limited^ and the 
spots remaiU small and dry up without involving the entire foliage. In 
warm muggy weather the disease advances very rapidly, the entire tops 
becoming blackened and wilted, followed by a wet rot involving the stems 



1 TG H7 lA'af of Irish {xitato showing terminal and niarf^inal lesions of late blight. 

(From ('ortuH V niv Agr Exp Sta Euf 140 .) 

as well as the foliage. Tlie rapidity of spread of the disease is such that 
the promise of a bountiful crop may be entirely wiped out in a few weeks 
after the first appearance of the disease The stem decay does not 
advance downward into the tubers but separate infections occur 

Tf blighted leaves are examined while t hey are still moist and especially 
after humid conditions have prevailed f ir a few days, a delicate, whitish 
or grayish bloom may be observed upon f heir undi r surfaces This*bloom 
IS generally most evident where the diseased area borders the uhaffected 
portions This whitish haze consists of aerial fructifications of the para- 
site, which ha'i^c grown out through the leaf pores. In this condition there 
IS an abundant production of spores ivhich may spread the disease to 
other leaves oi other plants This aerial gi'owth is rather evanescent, 
and may li^ scanty or even absent under dry, sunshiny conditions. 

The effect of the disease on the tubers is secondary or primary. The 
early blighting and^doath of the tops will reduce the size and numlier of 
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the tufeers, but the primary invasions of the tubers cause more or less rot- 
ting, a drj/ or a toei rot resulting according to the conditions which prevail. 
In heavy, damp soils with suitable temperature, the rot advanbes through 
the surface layers and penetrates deeper, first causing a superficial brown- 
ing and blackem'ng of the tissue. The affected tubers may be completely 
decayed before harvest as a result of the activity of the blight fungus and 
secondary invasions by soil fungi and bacteria. This condition consti- 
tutes the so-called wet rot. Under less favorable conditions of moisture 
and temperature the superficial, brown discoloration penetrates only to 

inch, the affected portions remain relatively firm, while the surface 
over the invaded tissues becomes slightly sunken and shows a darker color 
than normal, sometimes becoming purplish black. This dry rot may be 
confined to a few small restricted areas, or large portions of the tuber may 
be involved. Dry rot may be quite evident at digging time or it may 
become more pronounced in the early portion of the storage period. 

It is the common thing to have both foliage and tuber phases of the 
disease in a given crop l3ut in certain cases the foliage symptoms may be 
so slight as to attract little attention, while the tuber rot follows in sevei-e 
fonn; again the foliage attack may be very severe with the tuber rot less 
in evidence. It has also been shown that tuber infections may result when 
the disease is absent from the foliage, as a result of the advance of the 
decay from the seed piece along the stolon (Murphy and McKay; 1927). 
The complete rotting of the tubers in the field or under poor slporage 
conditions frequently causes heavy losses, Tf the tubers affcch^i with 
the dry rot are kept in a cool, dry storage cellar, the advance of the rot 
is checked or very materially retarded. 

Etiology. — The late blight is due to a parasitic fungus, Fhyfophlhora 
infesians. This fungus was described by Monlagne in 1845 as BotrtjUs 
infedans. For some time following this it was treated as a specjes of 
Peronospora, but in 1875 De Bary proposed the new genus Phytophthora 
on account of the peculiar mode of proauction of conidia. The fungus 
was first considered only as a saprophyte and an accompaniment of 
cerlain physiological disturbances. Several early workers had dem- 
onstrated the parasitism by inoculations. Spc^erschneidcr in 1857 first 
showed that the spores from tlie leaves could carry the disease to the 
tubers, but the most complete and thorough^ demonstration of the para- 
sitic nature of the trouble was offen d by the masterly work of De Bary. 
The continued studies in later years'by various pathologists have mate- 
rially added to our knowledge 6f the causal organism and its exact relation 
to the disease. 

The fungus develops an internal, non-septate mycelium of large thin- 
^walled hyphffi which traverse the intercellular spaces of affected parts, 
leaves or tubers, and send single or double, club-shaped haustoria, that 
are sometimes hooked or even spirally twisted into tha cells (Szymanek, 
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19^7). Slender aerial hyphae, the conidiophores, grow out thiough the 
stomata in groups of one to five. The conidiophores are sparsely 
branched, relatively thick-walled, show cross-partitions and the side 
branches bear bulbous enlargements at intervals The ovoid conidia 



1 If. IIS J liapramniatic represent. it ion of a i fre rut fioin i potato h af infested 
with Vhiftophthora hIiowiiik the fungus ein mng tlirough the slom-ita and the 

Hueee8si\e Btages in thi development of conidiophores uni (onidia (Rfdraun from VL 
Bui 168 , hy JoiU'- and Lniman ) 

arc at first torn)inal, later becoming lateial as the parent branch continues 
its growth. The enlargement « mark Jibe places where conidia were 
attached. The conidia are inultimicleate (7 to 30), ovoid or lemon- 
shaped, 22 to 32 bj^ 16 to 24>i, and provided with a short stalk and an 
apieulate tip. (^<fliidia may rarely be produced on internal branches. 



424 


MANUAL OF PLANT DISEASES 


The conidia germinate either directly by sendmg out a^erm tube or 
infection thread or indu*ectly by the formation of swarm spores. The 
swarm-spore formation and behavior are essentially similar to that 
desenbed for Albugo This latter method of spore germination must be 
consideied the more normal and common one under natural field condi- 
tions, but the type ( ^ germination is influenced by temperature, moisture 
and medium or substratum 

Ever since 1847 when Unger recognized that the late-blight fungus 
was really a downy mildew, there have been speculations and^isputes as 
to the occurrence of oospores Oospore-likc bodies have been found in 
artificial cultures by a number of difterent investigators (Jones, Clinton, 



Jig 119 btaftes in the gormiii lOon of a (onidium (zoosporaiiKium) of Phylophthora in- 
fi'itans and the gdriunation of i s\>arni spore to form » n laiectioii thread ( After Ward ) 


Pethybridge and Murphy), but true sex organs and resting spores have 
!)(‘en found in cultures (DeBruyn, 1926) and on plants and tubers under 
nit lira! conditions in the soil (Murphy, 1927, Szymanek, 1927) 

The conidia are mamly responsible for the new infections w'hich may 
take place through any part of the epidermis of leaves and stems, either 
Ihrough s^)mata or the unbroken cells The germs tubes are even able to 
|K netrate the suifaoe of unmaturid tubers, probably entering through the 
If nticek Infectum may occur tlirough either upiH*r or under surfaces of 
the leaves, but the lower surface seems to be more susceptible The 
oonuha are supposed to be shoit-li\ed, retaining their viability for two 
or three weeks only, but recently conidia produced by infected plants 
which failed to reach thf surface were found to be viable 57 days after 
planting Since they cannot survive the winter period, the method of 
persistence of the fungus from one season to another has been a much 
mooted quest ion 

At least SIX theones ha\e be*en advanced to explaiji the yearly occur- 
rence of the blight (1) the peisistence of the myceliumvn the soil; (2) a 
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perennial mycelium within the affected tuber^; (3) the production of 
oospores or resting spores which live over in the soil; (4) the presence of a 
latent mycelium or ‘^mycoplasm"' within the potato tissues;. (6) the fruit- 
ing of the fungus on the parent tuber in the soil; (6) the development of 
sclerotia-like bodies. 

The first two theories have seemed the most probable, but the experi- 
ments of Stewart are opposed to the overwintering of the blight in the 
soil, while- the recent finding of oospores in nature (Murph}, 1927) lends 
support to the possibility of overwintering in that stage. The work of 
Meihus (1915), Salmon and Ware (1926), and Murphy and Mclvay (1927) 
has established the findings of earlier workers that the disease frequently 
originates from the use of infected seed. In such cases tht5 mycelium from 
the parent tuber grows upward in the stems and sporulates on the small 
dwarfed shoots of a hill. Infections upon new foliage start from the 
spores produced by these primary infections and the disease soon gains 
headway. Since infected seed pieces producing shoots that fail to reach 
the surface have been observed to produce mycelium and conidia for a 
distance of 2 centimeters from the shoot, it is conceivable lhat some of 
these conidia may be brought to the surface by cultivation or insects and 
thus start new infections (Murphy and McKay, 1927). 

Fields which contain no primary infections from diseased tubers may 
l)ecome infected from neighboring fields, since the spores may be spread 
by the wind and by leaf-eating insects. 

The general infection of tubers accompanying an attack of blight is by 
means of spores which were pniduced on the blighted tops and are subse- 
(juently washed into the soil. (\)ntact of tubers with freshly blighted 
tops at digging time is also responsible for infections, while there may be 
some .spread from infected tubers to sound ones either in the soil or in 
storage, if sufficient moisture is present. 

Loss from Blight. — The loss from blight is due to the reduction in 
yield caused by the premature death of the vinos, and the accompanying 
rot which may de.stroy the lubers, or lower their market value by partial 
dry rot or by impairing their keeping qualities. At various tinu's in 
certain regions the disease has caused almost a complete croj) failure, 
while in the-eastern United States losses of 50 to 75 p^r cent hav4* been 
repeatedly noted. The amount of injury from the disease may In* 
inferred when it is noted that in regions \\'herc the disease is prevalent 
its efficient control has resulted in yield increases of 40 to 233 bushels jjer 
acre. 

Evpr since the great epiphytotic of 1845 and 1846 there have been 
repeat/cd occurrences of the disease in severe form. The amount of loss 
has been high in un protected fields, as illustrated by the estimate for 
Vermont for 1901, where there was 65 to 95 i>er cent of rot in the tubers. 
The loss in New in 1903 was estimated to be 50 bushels per acre on 
the average or 20, IKK), 000 bushels for the state, 
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Climatic Relations. — Excessive humidity coupled with the suitable 
temperatures are the principal predisposing factors. Where, the mean 
temperature exceeds 77°F. the disease is reported to be unknown. Both 
germination of conidia and subsequent infect ion are influenced by tempera- 
ture. According to Melhus, the optimum for germination lies between 10 
to 13°C. (12 to 14®C., Vowinckel, 1926). For direct and swarm-spore 
germination he makes the following report: 



Minimum, 

Optimum, 

Maximum, 


degrees 

degrees 

degrees 


Centigrade 

Centigrade 

Centigrade 

1 

Swarm-spore germination 

2-3 

12-13 

24-25 

Direct germination 

10-13 

24 

30 


The living mycelium ir the tuber is killed by exposure to 40°(^. for 4 
hours or at 30"’(\ for 65 hours according to European investigators, hut in 
Australian tests it required 4 hours at 49'^C. Butler reports thnl the 
mycelium in either tubers or pure cultures soon dies out at the high 
laboratory temperatures during hot weather (30 to 35°C.). Jones gives 
16 to 18°C\ as the optimum temperature for the growth of the mycelium. 
The optimum is given by Vowinckel (1926) as 19 to 22*^0., with the mini- 
mum 4.6°C). and the maKinium 27°C., while fructification is confined To a 
narrower range of temperatures (8.7 to 26°C Jt is undoubtedly the 
temperature factor which has excluded the disease from the (Jroat Flams 
and the southwestern United States, shice the disease is checked if the 
mean daily temperature is above 75°F. for a few days. Epiphytotics 
are likely to occur when unusually cool weather, combined with abundant 
precipitation, prevails at lime the conidia arc being produced. A warm, 
humid period followed by a drop to 60°r. is very liable to initiate an 
attack. This effect of temperature is due to the increased germination 
of the conidia and not to any modification of the susceptibility of the hc^st 
Four important cKinditions for the development late blight in severe 
form have been suggested: (1) night teiiqieratures below the dew point 
for at least 4 hours; (2) a minimum temperalure of or slightly 

above; (3) mean cloudiness of 0.8 or more the next day; and (4) rainfaU 
during the next 24 hours of at least 0.1 millimelor (Van Everdingen, 
1926). It is of interest to note in this connection that Lcihnis (1925) 
reported that there is no correlation between frequency and amount of 
rainfall, vapor pressure, relative humidity and temperature and, the 
.occurrence of an epidemic. 

Host Relations and Varietal Resistance.— The lal e-blight fungus 
affects various other species of the nightshade famil}^ (Solanaceae). It 
may be destructive to tomatoes, both in the field and unitr glass, causing 
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a blight land fruit rot resulting in heavy loewes in transit to market 
(Giddings and Berg, 1919; Eamsey and Bailey, 1931). It is sometimes 
destructive to peppers and eggplants and occurs on numerous other less 
important species. It is of interest to note that it has been found on 
the “edible fruits of Solanum muricatum at the equator, on Solanum 
caripease at Quito, and on Petunia hybrids at Upsala.'^ It has also been 
described as affecting two species of figworts (Scrophulariaceae) : Schi- 
zanthus grahami and Anthocerch viscosa. 

Jones (1912) has shown that ditferent varieties of potatoes show 
varying degrees of resistance to blight. Resistance of foliage manifests 
itself by fewer infections and slower progress of the mycelium through the 
ineaophyll after infection has taken place. There is also a similar rate 
of variation in the growth of mycelium through tuber tissue. In more 
recent work it is claimed thal there is no positive correlation between 
siisceplibility of foliage and susceptibility of tubers (Vowinckel, 1926) 
Based on growth in tubers the following groups were recognized by Jones 
in testing 76 varieties: (P highly resistant; (2) moderately resistant; (3) 
intermediate; (4) moderately susceptible; and (5) very susceptible. It 
is of particular significance to note that Kuro|)ean varieties predominated 
in the highly resistant group, while the lar^r number of the very suscep- 
tible varieties were American. 

t 

It is generally agreed that resistance is in part definitely vixrietal and 
based on the presence of some substance or substances in the tissues 
which retard or inliibit the growth of the parasite, but it is also recognized 
(hat susceptibility changes during the period of growth and may be 
greatly mcKlified by external conditions. It is claimed that susceptibility 
varies with the whaler-nitrogen ratio, increased nitrogen affording increased 
re-'^stance (Collins, 1925), the water content generally being highest at 
the time of the principal seasonal infection. Early varieties are stated 
to t>o more susceptible b(X‘uuse of higher water content of the leaves, 
while veiy late varieties having a lower water content are most resistant. 
Plants growni in dry soil arc reported to be more resistant than those grown 
in moist or soil (De Bruyn, 1926). Shortage of potash in the soil is 
reported to lessen infection, not by a host response but by retardation of 
six)rulation thus reducing the quantity of inoculum (Vowinckel, <*926). 
Susceptibility to infection increases with age; hem‘.e early-maturing 
varieties are attacked l)eforc late varieties vMullcr, 1931). 

Infection of tubers takes place through either lenticels or eyes as the 
infection courts, and lenticel character may be modified by environmental 
conditions (Lohnis, 1925).^ liCnticels of lOigenheimers grown on clay are 
generally formed of parenchyma cells^with unsuherizcd walls, while 
those from sandy vsoils are suberized, the latter giving resistance and the 
former susceptibility It is further stated that sporangia falling on clay 

^Rev. Apv- Myc. 4r:.7Gl-7G3. 1925. 



128 


MANUAL OF PLANT DISEASES 


soil remain viable longer than on sand. A close correlation between 
resistance and the thickness of the cell walls of parenchyma and of the 
middle lamellsB of tuber cells has been reported (Szymanek, 1927). 

Some progress has been made in the breeding for resistance, using 
the more resistant but undesirable varieties crossed with varieties showing 
desirable qualities. Hybrids between Ekishiraza, a highly resistant 
Japanese variety, and Irish Cobbler and others have yielded 46 families 
with resistance and desirable qualities (Reddick, 1928). In this work 
Muller (1928) has investigated over 700 varieties of varying origin. One 
of the important aims in the breeding has been to secure later maturing 
(8 to 14 days). It is reported that these resistant hybrids in Germany 
have given higher yields in epidemic seasons than the older, susceptible 
varieties and that they are resistant to all biological forms of the parasite. 
Crosses between South American and cultivaied varieties (Muller, 1930) 
have yielded six immune hybrids. 

Control. — The late blight can be effectively controlled by spraying, 
and excellent results have l>een obtained by dusting, but attention should 
also be given to other measures: 

1. The Selection of Seed . — Tubers from infected fields should be dis- 
carded for seed purposes or very carefully inspected at cutting time and 
all suspicious tul>ers rejected. Since the fungus is internal in the seed 
tubers, the chemical sleeps effective for other seed-borne disejises are 
without value. Disinfection by dry hear which is effective (104°F.^for 
4 hours) has never proved practical. 

2. Sprof/inq — When this is necessary, Bordeaux should be used, and 
the first ap])lications should be nuuU* when the plants are 0 to 8 inches 
high. For the earlier sprayings the 4-4-50 formula should be used, while 
the 6-6-50 strength is recommended for later apidicat ions Two or thret‘ 
sprayings may suffice, or (hey may follow at inter\als of 10 to 14 days 
throughout the balance of the growing season. During epidemics it is 
sometimes necessary to shorten the intervals and spray as often as once a 
week Two to six applications are necessary. 

Goppcr-arsenic dust was lirst used for late blight of potatoes by 
Sanders in Nova Sctdia in 1018 and increasial yields were reported over 
those abtained from fields protected by the standard Bordeaux applica- 
tions. Very siimiar results were reported later by Whet zel, in New York, 
but in trials in otlier widely separated states Sander ' copper-lime dust 
has not give a protection equal to that of Bordeaux (Stewart, 1924) 
Sanders’ dui?t fur potatoes is a niiXture of hy4irat<‘d linrve/ finely ground, 
partially dehydrated copiier sulphate and calcium arsicnate As a result 
of trials extending through 4 years, Stewart (l924) states; 

f 

In all four years the differences in yield were decirieclly in favor of the spray 
Fairly severe attacks of three of the principal foliage trouhles- early blight, 
late Wight, and hopperburii- - were involved in the experiifiv^ 4 its No one of the 
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three was (Mjntrolled in as satisfactory a manner hy the dust, even thougn the 
quantity of dust used was considerably greater than that recommended by 
advocates of the dust method. 

Poor control by dusting is reported by Wallace <"1925) as a result of 
7 years^ tests, (^/opper-lime dust has given better protection than any 
other dusts. The difference in yields of sprayed and dusted plots is not 
great, hence growers may prefer to practice dusting in certain cases 
because of its convenience. These results are in general agreement with 
later experiences (Neuweiler, 1926; Muskett, 1929; Schaiide/ and Staar, 
1930), although Bonde et al. (1929) secured slightly higher yields from 
copper-lime dust. 

Spraying or dusting is a protection against infection and is too late if 
delayed until the blight is evident upon the foliage. A grower must 
decide whether the disease is sufficiently severe in his region to justify the • 
expense of spraying or dusting. In regions of frequent occurrence and 
great severity of the disease spraying has become a routine practice. In 
this connection it is of interest to note that in Holland an arrangement 
has been made for the Dutch Meterological Institute and special observa- 
tories in the potato-growing districts to issue warnings whenever condi- 
tions are such as to justify the expf^ctation of an outbreak of late blight 
(Van Poeteren, 1928). 

3. Storage oi Low Temperaiores.- The spread of the dry rot in affected 
tubers can be very greatly retarded by storage in a cool, dry cellar 
Moisture and high temperatures favor the spread of the rot. At storage 
temt^'ratures of 4ifV or \mdei, the advance of llu* rot is v(‘ry slow. 

4. Miscellaveoiis Practices . — Attention may be directed to a number 
of practices which influence the development of the roi in aifecied fields. 
The crop from such fields shouhl not be harvested until a week or more 
after the death of the tops. There would lie no objection to a longer 
delay unless the season is wet ami the soil heavy. Higli-ridge culture, 
whu*h will bury the tutors 4 to 5 inches, is said to lessen infection. Spray- 
ing the surface of the soil with Bonleaux or copjH'r sulphate alone will 
lessen the amount of rot even though the foliage* has not been ])rotect(‘d. 
In late attacks of blight when spraying has not been practiced, the* cutting 
and the destruction of the tops have been jiroductive of good n^ults. 

Profits from Spraying. -It has been definitely demonstrated that 
spraying for blight pays in those regions where (lie disi^asc is an important 
factor. Two notable illustrations may be cited. The average gain per 
acre for 20 years (1891T910) in Vermont was 105 bushels as a result of 
spraying two or three times with Bordeaux mixture. I’he yearly gains 
varied from 32 to 224 bushels per acre. In New York the average gaii^ 
per acre for 10 years (1902-191 1) was 97.5 bushels, while the yearly gains 
varied from 39 t^233 bushels. The New York experiments show(‘d that 
]K>tat<H‘s could Ik* satisfactorily protected for a cost of $1.74 jH*r acre. 
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More recently in Germany Neuweiler (1926) has reported inf^reased )delds 
from spraying in 80 out of 97 tests. 
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THE WHITE RUST OF CRUCIFERS 

Albngtr ran(iida (Pers.) Kuiilzo 

This is the most ooinmou species of the whiti^ rusts which attacks 
foliaj^e, stems, flowers or fruits of various erueiferuus plants throughout 
the ^\o^l<^, causing hypertrophy, deforming of parts or blighting of th(‘ 
affected structures. 

Sjrmptoms and Effects. -I'^arly in the progress of the disease, the* 
trouble bt'comes evident by the appearance of the prominent white 
pustules or blisters, the .so//, which may appear on any part of the host 
(‘xcept the roots. These* pustules vary in size and shape and often become 
confluent to form more extended patches. When young they appear 
like unbroken blisters, but later break and be^come jH^^vdery. 
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In many cases the affected leaves are not gAatly modified, the spore 
pustules appearing on one surface only, while in other cases they may be 
more numerous and appear on both surfaces There are all gradations 
from a few localized infections to complete invasion, and the amount 
of injury will depend upon the degree of infection. On some hosts the 



1 IG 120 — Habit sketch of lca>ofl of salsify affected with white rust {Albugo tragopogonih) 
shonvinK son similar in external appearance to those of A caiutulfi 

leaves from infected stems may be “thickened, fleshy, pallid and distorted 
or inrolled.^^ In severe infections which involve the stems, there may be 
more or less reduction in the size of t^hc leaves. 

The stems which are invtided sometimes show but little change of 
form, but freqiientJ^there are localized or extended spellings The stem 
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enlargements may be slight or very pronounced and up to several times 
the normal diameter, and exhibit sharp bends, turns or ei^en complcle 
spirals. In some causes there may be a proliferation from lateral buds 
that are nonnally dormant, resulting in a bushy growth. 

The entire infloreaceiiee may be invaded or various flowers or flower 
parts may be deformed. The swelling and the distortion of the axis of 
the inflorepcence and the flower pedicels are frequently more pronounced 
than those of stems and in the radish may reach ten (o fifteen times the 
diameter of normal structures In other cases the axis of the inflorescence^ 
•and the flower stalks are unaltered and the flowers alone invaded, while 
severe axis invasions n.ay result in the prevention of fl(»wer development. 
When affected flowers do develop, they may sh(;w various diseolorntions 
and malformation of pa»ts. The following general modifications may be 
possible: (1) All c»r onl> single floral organs may be swollen and fleshy; 

(2) the affected orgam niav be green or violet m color instead of normal, 

(3) petals and ptam^m may persist instead of falling; it) the normal 
cyclic arrangi menth of flower parts may levert fo the imire jirimnivt* 
strobilate t>p# 

The 'jopals may lie jiriuicnselv ira*rcased iii M/e and tl)leknes^, oiten (Ik ph 
eoneave on the inner « er'\ c, and soiuetim(‘s providecl with C'dindneal or iied 
appendages ncji the haM'. I he petaN ao aNo eaLirged, vari' muc.h m > h.qie and 
sometime have sepaloid < fairacters The ^tureens are iismilly gre‘0 iv ^dt( red 
lieing thickenea into a (‘I'lh-shaped body in which tne anth(‘r& are rt f»re^eided l.\ 
an oblong, grox>vecl, green mass, or trausforr»ed wholly, or the antlurs onlv , into 
small, leaf-like structures Fn j>omf lu/'xt-*, the stanu ns arc le^s affeeb d and may 
even lH*ar p(dlen in a oortion of the pfdler sac, the rest being stenh , bceasionallv 
supplementary pollen ,f»is are formed Of nion* interest is th(‘ appcaranei' oi 
stigma-hke structures at the tip and rudirm iitarv ovulc'^ on the miirguis ol eiTtam 
altered stamens which (Ini's come to havx* tlw c]mraet(‘is of carpels 'Idie pistil 
itself may be enormously swollen into a conical, thuk-walled ^iic or transform h\ 
into a couple of carpellai\ h*avc^, borne on a common stalk In the former ease 
ovules may he formed but they remain sterile and dehiseenet ot the fniil d(H‘s 
not occur (Butler, 19 bS 

Affected organs may sometimes appear darkened towards the end of 
the growing season due to the internal develc»pment of large numbers of 
brown-walled spores. This internal darkening is sometimes more t'vuient 
with examination by transmitted light and is very noticeable when such 
affected or^jans are cut across. 

When the white rust occurs alone it may cause little or no injury or it 
may prove more serious. Its most serious effects are sometimes noted 
when it is associated with the ^owny mildew (Peronospora parasitica)' 
Seedlings may be killed outright under favorable conditions, while plants 
toss severely affected or invaded later in their 4^velopment may be 
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dwarfed. The arrest of flower development or the malformation of 
flowers results*in sterility, and so may be injurious to seed crops. 

Etiology and the Causal Organism. — The white rust of Crucifers was 
fii-st described in 1791 by Persoon as an Ecidium and later in 1801 as 
Uredo. The early use of these two generic names may perhaps explain 




Fj(i. Albugo Candida, /I, a hypha with growiiig tip I and hauatoria A between 

I he pith t ells of Lcjndium sativum, B, a f^roup ol conldiophorea and oonidia* C-E, atacea 
in the ft>riiiation of swarm spores from ronidia; F germination of a swarm spore that has 
fumv to rest; G, germinating swarm spores about to send infection hyphae into a stoma; 
If, an infection Jiypha of Phytophthora infestans penetrating the epidermal wall of potato 
sh-rn, {After Dr Bary.) 

i he origin of the common name. The genus was described as Albugo in 
1820 and as Cyi^t^jpus in 1848. In all of the earlier American literature 
the fungus appears as Cyslopua candidus Lev., but more recently as 
Albugo Candida (Pers.) Kuntze. 

The development of the internal mycelium, conidiophores and conidia, 
ind oospores has been described in the general consideration of white 
niets. The conidiophores are clavate, thiWc-walled, 35 to 40 by 15 to 17 m) 

I he wall of the tetminal conidium of a chain is thickened on its external 
side and the comdiu|^ is not capable of geifminating, but all others in Urn 
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chain are set free by the solution of the jointed necks. The separated 
conidia, which are globular, hyaline, 15 to IS/u, with unilonn, thin cell 
walls, are easily disseminated during dry weather by air currents. These 
conidia or sporangia may germinate at once if they are afforded favorable 
comlitions of moisture and lempmatun', producing mature swarm spores 
in from 2 to 10 houi s after immemon in water The comdia are relatively 



fn \ JJ Mlntffo t rnvtiliiiiii wifK \otitt/< ag il ooKfinmin og 

\si(h th< (til <)i tiosplit It, o iiul flu antiic iKiniiii un, ( i ni ittin ooiconiiint with i 

hilh de\tloi>0(l oo'pori o D o]>(i( il sot f ion tii oospnit sh()^^ it in ( i it KtitttsHiM 
hi i|?os 111 till Kt riMiii ti 10)1 ol oi o(»''i>ort tMlh tin. lonnition of mu inn sports ( \fttr h 
liar I ) 

^hoitlivod, ihou iXMiod of \mbih<\ heinj*; Imutod to about 6 works aftoi 
inalunly In ^orniinatin^, tho o(ini(Iiiun fsporanf^uiin) shows a socmen- 
tation of the ooiitonts into four to oif^ht polyhod/al masses, which sopn 
lato ami cscajM' one by one to the outside oi in adlierent piroups or the 
whoh^ inas-? niny be diseh ui»ed into .i bl t<idei-hke stiueture The swaiin 
sjxires bike on then t\]>ical foim of (nate to kidney-shajx'd liodies, two 
unecpial cili i ‘tjipeai fioin the flattened oi concave side, and th<*v swim 
away tioin the inotliei cell Afhn i jxniod of activity thev come to rest, 
absorb the cih i, toiin a ''Ui roundinj!. cell \\ dl and i!;ernunat( by a jr;erm 
tulx' Ol inflection tlin^ad enleiin^ tl>e liost tliroui^ stomata It wiis 
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formerly behoved that first infection took place through cotyledons or 
deed leaves only, but Melhus has recently shown that various parts of 
oldei plants may become infected if suitable conditions are aflforded. An 
incubation period of 7 to 10 days ih required, the period being 1 to 10 days 
longei for the less ^usceptlble species (Huira, 1930). 

Oospores are not known on some hosts, but in many cases they are 
])roduced m abundance in tlie hyix^rtrophied parts. They are rare in 
iffccted lOiives except m a few hosts Mature oospores are globular, 
to to in diameter and show thick, brown walls provided .with low, 
f'hint ridges often confluent and irregularly branched The oospore® 
oe lesting ^tinctures and do not germinate at once, but only after soin^ 
i onths i'hose which h<ive been left in plant debris from the previous 


os 





1 ir 121 J f 1 tiliz i( lun lu Ptiono'>/H a pirnsitica ( 1 ) »ud Alhngn canrinhi {^2 1 ) off 

\<)ung iiMinmurlt ti oovrotiiuii) on iiitheridium o^ uninu( It'aft oo‘<phc re or ( gfi a for 
tnht of thf antlundiuni ulmh introduces ‘he mile iiurlens o fertilized tgR tell 
MJirounde 1 hj On pc /iplaMrii ( ifhr ffagtf ) 

season’s crop or have beim set free by the disintegration of affected plant 
stnictuie'- piobablj^ constitute a \ery important source of the fir®t spring 
.nlections 'rhe geimination of the oospores is typical for the group 
Many crucifeis produce rosettes which live over winter, and it is poP?sible 
that these may be infected in the fall and thus carry the fungus over the 
winter a> a dormant iriyeelium 

There seem to be two tyjx's of infection' first, a general yr systemic, 
in which the whole plant is affected, resulting in a stunted growth and 
the appearance (»f the spore pustules on all parts, second, a local infection, 
in which single leaves, stems or flower jjarts are directly invaded 

Predisposing Factors, — The proper temperature is the most important 
factor influencing the appearance of the disease. Temperature conditions 
affect not only thc^ermination of the spores but also the apparent suft' 
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ceptibility of the host. Conidia germinate better at lo^ thaji at higli 
temperatures. The definite optimum has not been determined but it is 
close to 10°C. The minimum temperature is very close to freezing, while 
the maximum is about 25°C. Spore germination proceeds normally 
during the cool spring season when there is also an abundance of moisture, 
but in many regions the summer temperatures would be suflSciently high 
to check or very greatly lessen germination. The chilling of the host is 
an equally important factor m inducing infection. According to Melhus, 
95 per cent of seedlings chilled became infected, while the controls not 
chilled generally showed less than 5 per cent and never more than 15 per 
cent infection. It has been pointed out that the fall in temperature, 
which leads to the deposit of the d"w, provides the stimulus for spore 
germination, probably increases the susceplibility of the host and at the 
same time furnishes the medium in which the swarm spores d(‘velop. 
The temperature relations offer the very evident explanation f(^r the 
greatest development of the white rusts during the cool periods of early 
spring. 

Host Relations. — The white rust of crucifers is found on many species 
of the mustard family throughout the world, both wild and economic 
plants being affected. The fungus is not confined to the Cruoifene, but 
occurs on various species of C^apparidaceae in Europe and in lirvha 
The most important cultivated hosts for America are as folli^ws: 
Cabbage (Brasftira oleroarea L.) 

Cauliflower (Brassica olenu'ea var. hotrytis L.) 

(^ress (Leptdium sativum L.) 

Mustard (Brassica nigra K.) 

Mustard {Brassica alba Rabenh.) 

Horseradish {Ronpa ar'moracia (Ij) Hitch.) 

Radish {liaphamis sativus L ) 

Rutabaga [Brassica campestns L ) 

Turnip (Brassica napvs I.,J 

Watercress (Ronpa nasturtium (L ) Hitch.) 

Wallflower (Cheiranthus cheiri L,) 

Stocks (Matthiola incana ) 

In addition to the above, Wilson lists 40 wilti hosts from 21 different 
genera. The most common wied hosts are shepherd’s purse (Bursa 
bufsa-pQ6toris)j popper grass (Lepidium virginivum) and Sisymbrium 
0jfficinal4*. 

There is some evidence to show the existence of specialized races or 
biological sjiecies, although further evidence is necessary to determine 
their limits. According to Melhus, the form on the common radish 
passed readily to other varieties of Raphanus sntivus and also to R 
rOiUdatuSf and less frequently to white mustard (Brq^sica alba) and cab- 
bage (B. olerac(a), but failed entirely when inoculate^m 10 other species. 
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Another observer has report^ the strain from turnips capable of infecting 
the cabbage and its denvatives Arabui alptruiy a weed, has furnished 
spores which infected nine other species belonging to six different genera, 
but this strain failed on radish, mustard and cabbage Recent studies 
in Japan have le sealed at leas^^ three physiological strains* one from 
radish affecting all radishes but no other species; another on Chinese 
mustard, (Bra6biia juncea) ^ and a third on Brasstca campcstris chinenstb 
{Hiura, 1930) The second and third strains were able to infect different 
groups of Brassica species 

Prevention or Control. — The white rust is not generally sufficiently 
t^e^rpre to justify expensive control measures. Attention should be called 
U) (ertain practices which will be of value: (1) crop rotation to prr^vent 
llie growth of susceptible crops in ground filled with the overwintering 
spore‘‘ from a previous infected crop; (2) clean culture to keep down all 
cruciferous weeds, (3) the destruction of infected crop refuse by burning 
to pi event carrying oospores over the winter. Spraying is recommended 
only in the case of very severe attacks 
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DOWNY MILDEW OF GRAPE 

Fl^af^fiiopara vituola (B. A C ) Berl A I)e T 

I'he downy mildew of the gripe affei • leaves and \oung stem«?, caus- 
ing a spnUntq oi bhght, and may also invade the beinos, causing rot or 
shattering As a grape dise^ise, it probably stands next in iTnportance to 
Ihc black rot 

History. This disease was tnst ohbtTvevl in Amerien on wild gropes m DvI4. 
Early writers recorded the o( emrenee of ‘ mildews and ‘ hhghts of mhos, hut these 
troubles were not at first assoiiated with the prebciice of a parasite hut attnhutod to 
various causes, suclyfts atinosplienc disturhanres, or e\en some Msitation of Provi- 
dence. The disease ma> be considered endemic m the cabttrn t'nited Slates, from 
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which region it spread to France, perhaps sometime previous to 1874^ the first severe 
infest.ation being in 1879. The spread to other parts of Europ>e fpllowed. It is 
intetesting to note that the disease did not reach South Africa until 1907, that the 
first Severe outbreak in Australia occurred in northeast Victoria in 1917, but did not 
Ksch Mew Zealand until 1926. The parasite was first described by Berkeley and 
Curtis in 1848, but the fungous origin of the trouble was recognized by Schweintz at 
an earlier date (1834). De Bary studied the fungus very carefully in 1863, Farlow in 
1876 and Berlese and De Toni in 1888, when it was assigned to the present genus. 
On account of its importance and severity, the various aspects of the disease have been 
treated by many different writers in a voluminous literature 

Geograghl*^ Distribut'on.- The disease is present to a greater or less extent in 
nearly all parts of the w( rki where grapes are cultivated. The important vineyards of 
France have suffered severely because of the general use of the very susceptible Vttis 
inntfcta varieties, coupled viith the ver> favorable v,limatic conditions Severe 
f piphyiotirs have been r. corded for 1900, 1910, 1915 and 1927 in France. The mildew 
visit ationa are less intense in southern France than m the inoLSt center and north. 
In northern Alnca (Algeria) the dry inland regions suffer little, while m the coastal 
belt the disease causes trouhle, although it is much less si^vere there than in h ranee. 
The disease first appeared in Australia and South Afnea during or following periods of 
rather exeeplional weather conditions. The fungus is pr(‘sent in South America and 
it la claimed that the sumnjor stage is present the year round m Brazil. 

In the United States the mll(le^^ is pr(‘valent east of the llocky Mount a ms, and 
reaches its greatest seventy m tlic northern Missiasijipi Valley and states to the east- 
ward, especially the Middle Atlantic slates. High teinpiuatures and dry conditions 
have been unfavorable for the disease in the Sc>uth, th( disease being ^ er) rare and of 
no economic importance in the arid Southve.^i. The downy mildew has ntnei h(‘en 
found as a disease of cultivated vines in California, edthough a suigU (ollecTion cm a 
wild species has been reported. The exclusion of the disease from the grape distm ts 
of California and other regions west of the Rookj Mountains seenis to t)e due laige]\ 
to unfavorable climatic conditions. 

Symptoms and Effects. — The downy mildew on the leaves first shows 
upon the upper surface in the form of pale-yellow splits of varial)k* sizi' 
and form, frequently more or less circular, whicli merge into the sur- 
rounding green tissue without any distinct line of demarcation. In the 
early stages these sjtots appear more transparent than the normal leaf 
ti‘-sue, thivS character being especially noticeable if affected leaves are hold 
up to the light. This peculiarity has suggested the French name of “oil 
spots. These spots show less distinctly on the lower surface at tirsj, 
owing to the covering of hairs, but under favorable atmospheric ooridilions 
the Icrwer surface of each spot is soon occupied by a conspicuous aerial 
growth of the fungus in the form of a downy, milk-wliite coating, which 
suggests Ihe common name “downy mildew/' As the affected spots 
become okl^r, the leaf tissue may be gradually killed, the color changing 
from yellow to a brown or dcad-lcaf color^ and in this condition the splits 
are more evident upon both surfaces. Fnder dry conditions the aerial 
downy growth on the under surface of the leaves may be absent or scanty, 
and this condition prevails on tie older spots which have changed to the 
brown color. The leaf spots may be few in number or they may be so 
numerous as to coalesce and involve nearly the enti)^ leaf or extended 
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portions. lu the more resistant varieties the leaf spots do nol become so 
conspicuous as in the very susceptible varieties, the invaded areas beinj^ 
mottled or punctate brown instead of unitornily colored 

Another vine trouble known as erinose, due to a mite, shows sj mptoms 
which sometimes suggest downy mildew hrinose spots are dways con- 
vex above, while mildew spots are flat hile t he down or felt f ennose 
is white at first as in mildew, it soon changes to i rusty brown 



1 t 124 UncloT sicU of a Ituf bhowiii];^ Kroupe of tonidi of Plnsmopara 

U(c tla 

The >ouiig laiHs, led stalks and t<iKlnls are also subject to attack 
I he tfl(clf(i iioitioii*' show a v\ater-soaK( d ipf)eai in'( it fust, late» tuin- 
ing j^ellowisli gHcn, but tin dl> lx corning blown I he external dc\elop- 
ineul of the iniUlew in ly apjXMr on tlx. tructuies also, or it may be 
eutircly suppressc d 

In old( 1 h^Moii" tlx deid tissues shrivel, ciusing i depression The 
effect of the c ‘iie lesion^ will (lejxnd upon their nuinbci and extent. In 
extreme cases the young shoo^ ^ may be dwaifed, twisted or deformed and 
the leaves tenuun small, whih in the inoht severe infee lions the cane may 
die Lesions on the li'af stalks may be' instrumental in eausmg the shed 
ding of t he leaf 
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Flowers and fruits may be invaded and blif?hting or rotting result. 
Fruits may be attacked when young or wdien approaching m'aturity. If 
the berries are attacked when young, that is, when about Vi inch or less 
in diameter, further growth is checked, the gray superficial growth of the 
fungus appears, the berry darkens and finally dries up. In berries 
at tacked when nearly full gr()\^ n, but before color apfH'ars, the fungus only 
rarely appears on the surface, but the infected berries darken due to the 
death of the constituent cells. This change progresses slowly, dark 
patches apiK^aring at separated points, the skin becomes withered and 
wrinkled and finally the whole berry becomes slxrunken and dark brown. 
The condition on thi^ younger fruits with the copious growth of the mildew 
has sometimes be<'ri designated as gray moUi^ while the characteristic 
changes of th(‘ older fruits have suggested the name of broam rot 

The effects of the disease may be brietly summarized: 

1. The normal jiliysiological activities of the leaves are interf(*red with, 
the amount of injury depending upon the area of leaf surface involved. 
Vines thus st ripped of their l(‘avcs early in the season are not able to riptm 
their fruit normally. Fruits from such vines contain less juice and have 
a lower sugar content . The crop of the following season is also seriously 
menaced, since the usual aecuinnlat ion of reserve food eannot take place. 

2. Young canes may lx* dvvarf<‘d and the leaves remain small, or the 
cane together with its l(*avos may (he. 

3. Fruit attacks eause tat her muirimifioation or rotting, and shelling or 
dropping of th#‘ dist'ased berries is the common result I'he shelling may 
lx* almost eoiufilete oi result only in poody filled l)nnches It is estimated 
that then' was a loss of 70 [ler cent in France in tlie epijihytotie of JOlf). 

Etiology.- The downy mildew is caused by Plof^ynopara ntifola (B. 
& (\) Berl. l)e F Bi'rkeley and Curtis deseribod (he grajie mildew 
in 1848 as a lu'w specie's, Boin/iis rtiuolft, but J)e Bary in ]S()3 detfa-mined 
its true relationshi]) and named it Peronoffpont vitirola. It was net until 
1888 that Berlese and l)(‘ 1 oni redescribed the fungus under its jiresent 
name. 

The eharacb'rislir e(i*no('yHc mycelium devek^ps within the intercellu- 
lar space's of aff('e((‘d tissues, forming thin-wall(*d hyph.r (d vc'ry irregular 
diarne'ter, varying from 1 t«)('vt‘n 10 to tiO/A, 1 Ik' gr(\ate.->t regularity apj>ear- 
ing in the compact tissue's, wiiile th^' greatest irregularity and size may Ix^ 
found in loose leaf tissue with prominent in tei cellular sjiiices. Tht* 
hyphie do not ix'netrate tiK' cells, but absorb tla'ir food supply by numer- 
ous thin-walled, globular iiaustoria, which an* jiushed into the cell 
cavities. 

The first new infections always come from swarm spores which must 
reach the under surfaces of the leavt's. A swaim spore 'which has come to 
rest produces an infection thread which squeezes^through the first 
stomalal opc'ning it can reach, expands in the substomatal chamber and 
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then producer more slender branches winch penetrate deeper The 
period of incubation, that is, the time which elapses trom the entrance of 
the infection thread to the production of evident ‘'oil spot^,'’ vanes from 
) to 20 days, due to seasonal conditions and differences in tne suscepti- 
biht> of vanet^es, 7 days being a fairly common incubation period for 
suscept ible ^ arieties 

After a period of mycelial development, the hypha become massed m 
compact cushions just beneath the stomata and, under favorable condi- 



F It IZ') Oo'wiiy niilcle^ of Mit grapr 4 jonitli phorts with (onitJin 
through i storn i from ii iiitt n i ilular miceliuni (rrpnM/Od ib soluf 111 I li ihrf 
st iRPs in tli( lorniition o‘ oovjmr^ s ( st in ilu rn inntior >1 i (oni(Ijn*i I forn 
sw irn» spores ( \ft*r Millaid / 


lions ot moist UK and tempc^ratuie, three to six (maxirniim 20) aernl 
hypha' grow out through i stomatal opening and de\elon#^nlo branchecJ 
conidiophores, bearing numerous eonidhi (sporingia) or summer spores 
Under certain conditions the conidiophores miy break directly through 
♦ he epiderrn il cells, which arc first kiHcd, then crushed md disrupted ))> 
the growth of the fungus Lach conidiophore produces three to six m im 
branches, whicli^are, in turn, branched several times, Oh terminal 
branches ending in two to four short, slender stengmata ot spore-lnuring 
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tips. Large numbers of 'these conidiophores massed togeijier give the 
(‘haracterisiic downy character to the under surface of the leaf lesions, or 
cause the ‘‘gray mold^* of fruits. 

Each sterigma can produce but a single spore, which is formed by a 
swelling at its end, which later becomes separated by a cross-wall. A 
single nucleus which passes into the developing spore divides later to 
make the conidium multinucleaie. The conidia vary in size, the average 
Inang 11 to 18 by 15 to 3t/u, with others reaching 40 to 50)u; the majority 
are ovoid, some are nearly globose, while others are long and narrow. 
The numerous conidia give to a fully formed conidiophore an appearance 
not unlike a miniature bunch t>f grapes. Infected leaves which show 
few or no conidiophores will produce a copiems cn p in 12 to 20 hours if 
placed in a moist chamber. 

When conidia are brought into favorable conditions for germination 
there is a slight increase m size due to imbibition of water, and eaeli 
nucleus with its adjacent protoplasm becomes organized into a swarm 
spore. Thesf swarm spores separate slightly, begin a movemtmt and 
soon slip out th’-oiigh an o|K*iiiiig that is formed at the terminal painlla 
The swarm spores tluai separate from each other and swim away ar naked, 
fully foniK'd, two-ciliate spores. They are planoconvex, and ih(‘ two film 
originate* fiom the middle of (he flat side After a period of activity they 
settle dowm, become more or less rounded rdw^rls ^hv,r (‘ih r .^eerete •\ 
delicate eedl membrane and soon send eait a nioMibenuiee' tiu*!) de'ielops 
into an infe^elion thread eir g<Tm tube, which lain*- abruptly into the first 
steuiia that reaches.' Unless the infeeliem thre-ads roach stomata, they 
will |K'rish aiiel no infection will result This would mean that inf(*etions 
must be through I he* unde'r surfaces ol le^ave's, sine*e the upp^r side of 
grape* lea\(‘s is generally devoid of stomata. 

Sometime afier ihe initial infecliems (not in autumn only* thiek-walled 
resting spores, the oospore^, are* provUice*d in the intereellular spaces of 
affected parts The (h‘1ail of de*ve*lopment is not eiitindy clear, but 
antheridia and oogonia are formenl, Ihe e'gg appaieritly hea'oiuing uninii- 
cioate, as in Albugo rundnia Antlu-ridia have not been observed so 
fre*(]uently as the oogonia, so it is uncertain whether f(*rtilizalion is 
nee'essary. 1'he fully develope'd oospore is 25 to 35^ in diameter, filled 
with a granular protoplasm cont -lining conspicuous oil globules, and 
surrounded by a thick but somewhat roughe‘iied epispeire. The oospores 
Ix^have as in typical downy mildews and remain dormant until the follow* 
mg spring, vfhen germination takes place Only oospores which have 
lx*en subjected to Ihe freezing winter temperatures are capable of ger- 
minating, but some individual spores have hevn found to recjuire exposure 
through a second winter to ^ompl^te their rest |>eriod (Arens, 1929). 

Under normal field conditions the oospores will be set free by spring 
by the disintegration of the tissue of the diseased strucSjres in which they 
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are formed..^ Under suitable moisture and f/etnperature conditions the 
oospores ge/minate by the produciion of a short unbranched promycelium 
which bears a single large conidium or sporangium. The temperature 
range is 13 to 33®C. with 1 he opt imum 25°C (Arens, 1929). This conidium 
produces swarm spores in the manner already described. These spores, 
or the conidia previous to germination, are splashed by rain to the lower 
leaves of the vine and originate the first lesions, which soon develop 
conidia, that are wind borne, and thus the disease spreads to new leaves 
or to other uninfected vine's. 

In both susceptible and resistant hosts the zoospores collecfaround the 
stomata, and penol ration occurs. I'he developing myceliurA is at first 
confined to the intercellular s])a(*es, but insusceptiblesp('ci('s, haustoriaaro 
soon formed. In the resistant species the hyphai make no further 
growth, and these and soiik' of the surrounding host cells perish, causing 
a m(Jie or less marked discoloration, the so-called ■‘sul>in feet ions” 
(Arens, 1929; I^epik, 1931). 

Climatic Relations. The occurrence and the spread of downy 
mildew are greatly infliH'iK'ed by climatic conditions, temperature and 
humidity of the ail being the most important factors. The reports of 
difi'en'iit workers coiuanning the effect of temperatures on conidia! 
giTTiiination are no! (uitin'ly in agreement, but this feature has Iieen 
recently irua'st igaied by (In^gory (1915). His results may be presented 
in tabular form: 


so to <.)()'!' 
70 K 
V 

t(. IIP 


No gcnniiinlion 
40 to .50 ])or coat gonniiiatioa 
9.*^ per cent gt'nniiiaUon 
Very slight gt'niiinatiun 


Under the i*(‘oler and more optimum conditions for gormination the 
swarm sjionss remain active' hir a longer period, and conidia held at low 
lemperat ires and not otTerc'd suitable conditions for ge'nninat ion retain 
their vitality for 1 f to 00 days, while they perish in A to 0 days in a warm 
dry air. Much iHOier conditions, then'h^re, art' offt'nal ftir infections 
under low temperatures than when high tt'mperaturt's prevail. 

The rt'larding effect of dry atmospheric conditions on conidiophore 
and conidia production has already bt'cn noted, if the weather remains 
hot and dry wit|li ph'nty of sunshine, lesions establislied under favorable 
humid conditions may fail entirely to p'/ ^ducc the characteristic aerial 
coiiidiophores, and eoiist'quently under such conditions there is no p()S.si- 
bility for the disease to become epiphytotic. Sporulat ion •also depends 
on temponitun', being vt'iy slight below 55 and above 82°f\ Rt'gions 
with prevailing tlry winds are likely to be relatively free from inildcNv, 
while thos(‘ loealitu'h with leavy dew?; and high air liurnidity are very 
^iuliject to the diseasi' if tempi'rature conditions favorable for spore gorrni^ 
nation also preyfdl. The product iou of coiiidiophores and conidia 
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reaches its maximum under humid, cloudy conditions when the vines 
remain moist for some time, while this presence of moisture on the leaf 
surfaces is essential for the germination of the conidia and also facilitates 
the migration of the swarm spores. It has been pointed out that the 
serious attacks of 1900, 1910 and 1915 in France, which reduced 3delds 
so greatly, coincided with heavy rainfall and frequent storms, with tem- 
peratures favorable for conidial formation (Cadoret, 1927). Heavy 
•rains, if of short duration and followed by conditions which cause rapid 
drying, are not favorable to the disease. 

Infection is influenced by environmental factors operating upon the 
host, as well as upon the pathogene. Open stomata and an abundance of 
soluble food in the leaf tissue favor infection, if ternpe^rature and moisture 
conditions are favorable for germination of the fungous spores. No 
correlation has been found between the number and size of tlie stomata 
and rovsistaiice and susceplibilily (l^^pik, 1931). It has been pointe<i out 
(Pantanelli, 1920) ihat both soil moisture and atmospheric humidity 
affect the ()^)ening of the- stomata and thus influence infection. With 
soil of 15 cent or less of moisture, 80 per cent or more humidity is 
required for st(uiiata to open, whil(‘ with 20 per cent or more of sod mois- 
ture stomata will open if ihe humidity of the air does not go below 40 
jw cent. Higli humidity of tijc' air favors in.fectif)n also, because under 
such conditions the host tissue wull have a higher p"*(qK>r1ion of soluble 
carboliydrates, nitrogen and phosphorus 

Young leaves are not infected for two reasons: ft) (h(^ stomata are 
closed; and (2) the tissues contain but lit Me sugar or starch and almost 
no soluble niirogenous compounds. 

Host Relations and Variety Rer^stance. 1'he dov/ny mildew has 
Ix'en found to a greater or less extent on practically all wild and cultivated 
grapc'.s. Tliert' seems to be little, if any, difference in suseeplibility of the 
snuioth-leaved species and those with a downy lower surface. Vitis 
vnifferOj the cultivatcal grape of Kurope, is more susceptible than the 
native American varieties. Large numbers of hybrids of vinifera 

with more resistant American species have be(*n produced in France in 
recent yc^ars in the effort to secure other desirable qualities combined with 
resistance. The succivss of tliese efforts may be somewhat judged by a 
n^cent • classification of black and white hybrids (Pee-Laby, 1926) as 
follows: (1) those which do not require spraying for eithet downy mildew 
(copper) or powdery mildew (sulphur); (2) those resistant except in 
epiphytotic years; and (3) those requiring but few treatments and giving 
heavy yields of good quality. It has since been the experience in France 
that somo hybrids which had not required treatment for JO years were 
very severely affected in the epiphytotic of 1927, while some remained 
immune. In the eastern United States, the four most important com- 
mercial varieties, tht C^oncord, Niagara, C^atawba and Delaware, are 
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derivatives of our native wild species The l^t, which is thought to 
be part nmferay is more subject lo mildew and other troublesr The 
disease is not confined to Vitis species, but is known on woodbine or five- 
leaved ivy (Parthenonsbus quitujuefoha) and Bofelon ny (P incuhp^data) 

Control -It IS now generally recognized that the oospores offer the 
general and probably the onh means of earr\iiig the fungus over the 
winter, since the coiiidia are short lived and the myrelium does not 
persist in either buds oi fiden h ivcs Control piaetices must then be 
directed to the cutting down of the first sources of infection (sanitary 
measiiie^j and preventing the gfrniination ol the fust -pores tyhich reach 
♦he «-usceptible parts of the host (snaking; \\henevei conditions are 
sucli as lo pormrt plowing or culti\ iting that will bury the surface d<:*bri«5 
coiitaining the overwintering oospoit s, the practice is to he recornmende<l, 
t)u( jirmcipal relianct should be plated on spraying ^pr^^ing cannot 
kill th mjcehuin ifter infeetK'ns ha\e taken pltc'', simt ihe fungoub 
both in ten si r it her than extern il as in the pr>w<}eT »/ rn M* w The use 
of hmaKidi s ir i^l ih< refore be preventne laUier than (Uiati\e in effect 

Siiue miHew vanes so greatly in severitv in aitt<^rtn^ K^eiis, the 
sfira log progi am most of necessity VHr> In the les fivonbh loealilie- 
(or hi Hsistant c me he } no '^praMiig wdl be , bn^ ia o^hcr 

H ge n-v t vs u to MX sprayings m i\ }ir ijM essdi\ It hv miidi w n not u\ 

sp’^iving^a^ ioll),v vsiil give sitist to* > piotfction 

1 \\ hen tlie shoots are (> to ^ in t ts h ng 

2 lint if+er biossoinmg 

d Bf fo^e the fiuit (liangcs cf»k>r 

V\h»n additional spii>mgs uc kerned nc c s-arv, tne\ si ould be 
tnneiiin ign c mon* with tin d(\(l pi c t of tl e luTi/»n lud tlu concht'on 
of i( ( c j)] ivit \ o+ Ihe \ im s, both of w I u h ne influc i\c\ ci bv v c ithc‘r eondi- 
tiims If jnfutuns in tie* inuk ' igc* are | n • they a^iII not 
be i source of d ngc i uiit J humid (< ridnn ^is prev.iil, so ‘-placing -hould 
PIccmU piobiibk lain pc nods \\ b n M'gctatne sio^w down, 

tint IS, when cane elongation !•- rc t uci d, the lust » m(»rc susceptible 
* k)o) w ('at her is the jirinciprd ret anting f k tor, and it it i one spondh with a 
idling biromctcr, or the weathei n'lvuc picHlu t'* i un, “-pi mng would Ik' 
in Older C ontrol in epif)h;> totie sc tson-> hiil si c ins to b** ijthei unsatis- 
factory in ki nice h'onseciihM ipplieaiions ol ♦hi* tunguide fuhic Ixen 
rc'commc'nd (] h r the first and seniiid --o i> penod'^ in regions of sevcie 
infest at urn 

C'oppei sprays have given best results m tlie rorno] of mildew, Bor- 
deaux or BuiLomdy mixture being used, with Ihndeiux a* first choice 
Many other fonnula* as well as p^oprleta^^ prepai itu ns have br'en tried 
m recent years in some tests the fallowing order of effectiveness has 
been reported Bordeaux, nosprasen, kiirtakol, nc>speiil, Horst dust and 
nospent. The strength of Bordeaux has varied in actual practice. 
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5-5-50 a;iving good results with medium severity, but even an 8-8-50 
strength has been recommended for violent invasions. Sineq it has been 
shown that zoospores live well in acid media but not in alkaline media, 
fungicides should not be used which are distinctly acid or which will 
develop acid under the operation of atmospheric agencies. 

Some copper-containing dusts have been used, either *alone or mixed 
with sulphur, if powdery mildew is alst) prestmt. They do not adhere so 
well, and have not afforded so perfect protection as the liquid fungicides. 
They may, however, be used ns ii supplement to liquid sprays when wei 
weather m\kes repeated treatment necessary. Successful spraying should 
reduce the loss to 1 per cent or less. There are some indications that 
susceptibility to downy mildew may be reduced by fertilizers, such as 
phosphoric acid, potash or lime, while rapidly growing plants with less 
concentrated cell sap are more susceptible. 

References 

Farlow, W. (t.: On IIk Vniontan inildcnv linl. Inst. 1876. 

4i:>^2o. 1876 

CoRNC, M.: flludes vSur les Pennmsporeos 2:1 SO ISS‘2 

ScRiriNKR, F, L, cf qL: Report on exponineiits injide in 1888 in Ihe trejitinent of (he 
do\\n\ nuldo\^ :ind hhick rot ot (he ^n»pe viru V S Dofit, Agr. Boi Ihv Bui 
10: I 61. 188^) 

F. L.. Fungoii.s dLsonse of the {.pipe Mi.t T S hepi Bvi. Du 

Bui 2: 7 18. 1880; tun^on, dise.iM's ol the ma})e and other plant.-j. ('Imp 5: 

io :A ISIK). 

Hri net, U : Ix'S nmlMdies et him ^ tch (1(‘ la I’aias IMOO. 

ViALA, I’ Let- ninladjes et JiiseetCv^ la M«;n( ( hi|) 2; .w l8Ua 

IhTVANiFi, (J ■ fJtiuh'S sur le rot li\ ide do la \ if;no IJofunots Bo)/, fust. Cad Xtuiul 
Auh. 4: I 200 1912. 

(liiEooin, (' d\: Studies on I’lannopaia \itieol.t. JuL (out/ \ d. Rvi.t 1916- rY> 
150 1915. 

( ASTELL.^, F PE AM) Run 'i LEM \\K, ( ' ( : ^^ote^ on (low in nnld( \\ . Jour Dcjtt \(ji . 

1 wUuio 16: 68,5-700 1917. Downy Jiuhhw Joui. Ikpt, Arp I idorto 16* 

568 .574 1918. 

Havaz, L.: IieclKM*(*lK‘s sur le niddiou. Ann Kiolc Sul. Atp . M out pi lltvr n ,s 16* 
2a4 222. 1917, ^ ^ 

' - : HecluTel es sur le traitemo/it et le de\ elopp('mei>l d i inildiou I- IV Prog 
Agv, et Vii. 68: 529-521, 577-581. 1917. 69: 25-29, 72 76, 121-12.V 1918. 

(^Apu.s,*J A.: R('chcrehe.s sur l(»s inv.‘i.Moiih dii inildiou de la vigij(* m 1915. An?) 
SertK Epiph. 4: 162-217. 1917. 

- : Exp^iriences sur la valour c(miparo(‘ oonire le inildiou d(' la vigne d(‘s liouilljo.s 
<*uprique basiques et de.s boudhes neidc's. Anji. Sern. Epiph. 5: 201- 209. 1918 

Bbhnatnk^, J.» AnlpituiiR zur Ilckiimpfung ,l, r IVronospora dot, \Voinsto<‘kot< nach 
den iioupston PJrfahnniRon und Vorsuohscrgottni-isoii. XeiUchr Pflnnzerikr 28- 
I-2K. 1918. 

Bantankm,!, E.: Contribnti alia hiologja .lolla I\Tono.spora della vite. Riv Ratal 

• '’f/. 10 : 51-72. 1920. 

: eriiitrihutionB u la biologic du inildiou de la vigne, Proa Aar cl Yilic 7B- 
87 - 89 , 111 - 115 ^ 161 _, 65 . 1021 . «... 



DISEASES DUE TO DOWNY MILDEWS AhD ALLIES 449 

Capus J conditions d'artion dcs hoiiilhos cupnque contrc le mildiou Campi. 

Rend ^cnd Aqr Fynnced 543 544 192J 

QaiNN, D G Downy mildev^ {Pla^ynopara iilicola) Jour Dept Agr So AuH 27: 
540-^550 1924 

WoODFiN, J C Down\ mild(w ot t\i( vuk {Plasviopara vUicola) in New 2^laiid 
Neii Zcnl Joir Aqr ZZ 14 20 1920 

Pfe Laby, E L’lii' tsion du nuldioii <n 1925 lU^sistancc de quelquo hybndet 
prodiKtoiir*- h \ it i 64 11 53 1920 

C ADOV^T, \ ( ontnljiition \ 1 (tiidi dts li iitt mints contri lo mildiou Determina- 

tion d(S cpoquis d itliqiRs du ( h nnpignon Pioq Agr (t ViVic 87 362 366 
1927 

Qi i\N, 1) C Downv mildtw (Pln^mopm i iituoJa) Jour Dept Agr So Aust SO: 
720 735 1927 

Hwa/ L ( hroiiujuf I\ot(->surl( mildiou Proq Agr el\ihc 37 42^436 1927 

13p nI-s, (j 0( linflu(n(( ({lu p(ut<\<rfri 1 u id( phuspliorupK sur 1 1 resistance dea 
plmUs lu mildiou Prnq Up (t 1 itu 90 SO SI 1928 
\fti N K I nf( "MU hiiiiKt n uIk r K( imuri^j; und Z\ ti I )^ ( d( i Oosiiorf ii von Plasmo^ 
para mtirnl i Bill < ( d( loni'l / ih t 31 /s hot 70 57 92 1929 

Ph\siolo^isi h( 1 nltrsud uTigin \i\ PI i niipinn vituoln, iinler liesonderer Ber- 
U( IvSK htij 2 ,uiift (U r Iiift kt mdx din^,unK( n J ihih 3P/s Hot 70 93 157 1929 

nri 1 1 M<i Kf H N( ii7i itlu Ik 1 < linik in d( i 13( k impfung dr s falsf hen Meltaues 
W /< Ai/sdir Ohst u Miifh 40 209 217 19U 

IjI piK I \ri itoniis( )k 1 nt( rsur hungc ii uIh i dif <1uh h PZu m o para iih cola erztngten 
*^uhm9 kl loiK n /nfs(hr Pflin tfir 41 228 240 1931 

IMI*ORTANT DISEASES DUE TO DOWNY MILDEWS AND ALLIES 

SaI UOIiiCMAO 1 

Root rot of peas ( \pi(motuyr( ( ui( ch I'uchshr) Ionl*^, I R AND Drechslsr, 
C 10)Ot i(»t of p< is in i1k 1 niteil Si it(s (. lust d h \phano yas eiUeickes n sp 

Jimi \qr R( 30 29 > 32 192) Resist uiict of ptiio to root rot 

Phiftopiti lb 1)9 It)) 192() Limohd, M B Additional hosts of Aphano- 
mid t i( (If 11k J)( I roid r< ^ funtais Phijlopath 17 133-134 1927 

Root blight of sugar beets {A p! anomyas cod hoi Diee lisle i) Peters, L Ueber 
du hiKgii (K s \\ iii/dhi ukIcs Aih K f*iol Arist Land u For^tii 8 211-259 
1911 DuTtHsiiK ( 11 k o( urnme f Aphanomyci cochltoideh n sp on 

sugii letls in tlu [ nitdi St te (Al>st ) / /topaih 18 11 ♦ 1928 The 

l)((l \N ltd nuild iiul s(vd i olid r( 1 it d root parasites Jour Agr Reb 38 
31)9 3td 1929 

Tomato root water molds ( ipi anomycis iladoga7nu^ Dredislrr and Plectospira 
nn/nandia DnehsUi) — Dm cu iiR C Wo \at'r mol is causing tomato- 

rootk t in]ur\ Ji in \ar Ri 34 2S7 291) 1927 Loc city 1929 

Black root of radish ( ipf nnomyas i iphani Kei I k) —Kendrick, J B The black 
loot ot 1 idish In Aqr Erp *Shj Bui 3H 1 32 1927 Drechsllr, C 

Loc Cl* 1929 

Sugar-cane root water mold {Pltciosjnia genmtfera Drechaler) — Drechsler, C • 
Loc rit 192* 


Pythiacb;*i 

Damping-o£f and stem rot {Prflhium debaryanum Hesse) — Probably the most impor- 
tant (ause of damping-olT of seedlings Riehm, E Pvthiaeese /nSorauers 
Handnue b der Piianzenkrankhc iten (5tc Auf ) 2 369^382 1928 
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Leak o( potatoea {Pythium debaryanvm Hesse). — H awkins, L. A.: The diseases of 

potatoes known as “Leak.’' Jovr. Ayr. Re*. S: 627-639. 1016. : Experi-- 

merits in the control of leak. £/. S. Dept. Agr. BuL. 677: 1-5. 1917. and 

Harvey, R. B.: Physiological study of the parasitism of Pythivfn debaryanum 
Hesse on the potato tuber. Jour. Agr. Res. 18 : 275-298, 1919, 

Stem rots 'of geraniums {Pythium complectens Braun, P. slendens Braun and P 
debaryanum var. j>elargomi Braunb— Braun, H.: Geranium stem rot caused by 
Pythium complectens ii. sp. Jour. Agr. Res. 29 : 399-419. 1925. : Com- 

parative studies of Pythium debaryanum and two related species from geran- 
ium. Jour. Agr Res. 30: 1043-1062 1925. 

Damping-off of sugar beets {Pythium a phanidermatum (Edson) J^itz.). — Also attacks 
numerous otlier hosts. EobON, H. A.: Rheospornngium aphamdermatum^ a new 
genus and hpo^^os of fungus parasitic on sugar beets and radishes. Jour. Agr. 
Res. 4 : 279-292 1 915. FiTZi*ATRirK, H. M. : tfeneric concepts in the Pythiacea' 

and Blaatocladiaeeie. Mycologia. 16 : lOti- 1 73.* 1923. Carpenter, C. W. : Mor- 
phological btuflies of the Pythium-like fungi associated with root rot in Hawaii. 
tlau'an Sugar Plant Assoc. Erp. Sta.^ Bot. Ser. Bui. 3: 59-65. 1921. 

Cottony leak of cucumbers {Pythium aphanidermatum (Edson) Fitz.).- Drechsler, 
C.; The cottony leak of eueumliens caused by Pythium aphanidermatum. Jour. 
Agr Res 30 : 1035-1042. 1925. Harter, L L. and Whitney, W. A : A transit 

disease of snap beans caused by P aphanidermatum Jour Agr Res. 34: 443- 
447, 192<S Mitra, M. and Subramaniam, L. 8.: Fniil-rot disease of culti- 
vated eiicurbitaeoff, etc. Mem. Dept. Agr fndia^ Bot Ser. 16 : 79-84 1928. 

Pythium-seedling blight and root rot of corn (Pythium arrhenomnnes Drechsler) 
Johann, H. et al. A Pythium-seedling blight and root rot of dent corn Jour. 
Agr. Res. 37 : 443-404. 1928. 

Brown rot and gummosis of citrus {Phytophthoro cilrophthora (8. dr S ) L'onian). 
Smith, R E. and 8mith, E. H.: A new fungus of economic importance Bot. 
Gaz. 42 : 215 221. HM)6. : The brown rot qf the lemon. Pal Agr Exp Sta. 

Bui. 190 : 1- 72. 1907. Fawcett, H. 8 : IV o fungi a.s causal agents in gummo- 

818 of lemon trees in Cahfoniia. Mo. Bui Cal SUde Comm IDrrt. 2 : 601-61/. 

1913. : Gum diew^ase of citrus (ree.s in California. Cal Agr Exp. Sta. Bid. 

360 : 370-423. 1923. Doidoe, Fk M Brown rot in citrus fniits. Union So. 

Afr.y Jour. Dept. Agr. 10 : 49tb5()3. 1925 

Crown and trunk canker of deciduous fnnt trees and black walnut {Phytophthorn 
cilrophthora ^8, & 8) Lconinn and closely rHated forms). - “Fungi of this tvpe 
cause crown or trunk canker m mirsei v and orchard trc‘es o1 pear, peacli, almond, 
apneot, cherr>', plum, prune and black walnut. ’ Smith. R E and Smith, E. 
H.; Further studic.s on pythiaceous infection of deculuous fnnt trees in Calitorina 
Phytopaih. 16:389-401. 1925, 

Late blight and rot of |>otato and blight of tomato {Phi/toph thorn infestans (Mont ) 
Dc By.). — (See special treatment, p. 419 ) 

Rot of potato {Phytophihorn erylhroscpticn Pethybr ) Causes a rot of tubers, roots, 
stolons and stem bascb. Pethyrriix.e, H H.; On the rotting of potato tubers 
by a new speeu's of Phytophthoia lia ving a inethotl of st*xual reproduction hitherto 
unde^rribed. Sci. Proc. Roy. Dublin Snr , n. s 3 : 529 565. 193J Murphy, P 

A. - The jnorphology and cytology of tlie s'^xual organs of Phytophthoro eryihro- 
sephea Pethyh. Ann Bot. 32 : 115-153 1918 

Buckeye rot of tomato fruits {Phytophthoro parasitica Dastur, Syn. P. terrestna Sherb.). 
Sherbakoff, C. D.; Buckeye rot of tomato fruit Phytopnth. 7: 119-129 
1917. Another rot of tomatoes has bf»en attnhutc’d to a new species of Pliyto- 
phthora. Hotson, J. W. and Hartue, Lena: A disease of tomatoes caus/’d by 
Phylophlhora mencana n. sp. Phytopaih. 13 : 520-530. 1923. 
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Foot rot of citrus or Mai di Gomma (Phytophihora pfjb'dsiiica Daatur, Syn. P terrentna 
Shorb )* Stevens, H E Honda ntnis disoasca. Fla Agr Exp Sta HuLVhO : 
4IJ 4S* 19 IK 1 AwcETi', H S Pythmcystis and Phvtophthora. Phyiopaih. 

10* 397- d90 1920 and LpE, H A Mai di ji;oniiQa, In Citrue Diaeaaes 

and Tlipjr (\aitroI, pp 146-153 McGrau-IIill Hook Company, Inc , 1926 

Downy mildew of lima bean {Phytophthora phaseoU Thax ) Clinton, G. P : Downy 
mildew, P/iytopfiffuna pha^eolx Thax , of lima beans Conn. Agr Exp Sta. Rept. 
1906: 27S 303 

Phytophthora blight of peony \Phyiophth(rrn raxionim L C , Syn. P. ])€Bonicp (C. & P.). 
OioebFt, n C AND PoRTm, C L * Phvtophthora blight of peony. Phytopath. 
18: SSI SOq I92S 

Phytophthora disease of lilac {PhytophUn ni *^i/nn^(F Kleb ) — Klebaiin, H . Krank- 
heitcn d(s Fin diTs pp IS 75 (lebruder Hornlrager 1909 Bur^ n, Helena, 

L G i)b The Plis toj)hih(»ra disease of lilacs Phytopaih 14:503-517 1924 

Blight of Colocasia and Caladmm {Phytophthora colocasKP Uac.).- Butleh, E J.- 
Fungi and Discisc iii PUnts, pp 306 310. 1918 

Black thread and leaf fall of Para rubber (Pf ytophthora palmivora Butler) Butler,* 
J. J . Loc at pp 494 499 191S 

Pod rot and canker of cocao and bud rot of coconut {Phytophthora palmwora Butler) - 
Iij«UNKiN(,, O A . Phytophthora fahert Maubl , the cause ol coconut bud rot m the 

Phdippmcsj Phtlipjnite Jour Sn 14: 131-151. 1910 : Comparative 

•^'iidv ol Phytophthora fohen on coconut and cacao in the Philippine Islands 
Jou! \g, Jtis 26: 267 28-4 1923 Tuc’Kek, C M Sabal causanini (Cook) 

a m v\ luHt of the coconut bud rot fungus Jour Agr Res 34: 879-HH8 

1927 Gai D, (' II The relationship between the Phytophthora* associated with 
tlni bud lot diHciscsof palin’- Ann Bot 41.253 1927 Seal,.] L C3oconut 

bud n)t in 1 loiida Fla Agr Exp Sta Tech Bui 199: 1-87 1928 Abhby, 

S F Strains and taxoiionw of Phytophthora fralmivora Butler {P faben) Trans 
Bni Myc Soc 14: lS-38 1929 

Seedbng and leaf blight of castor bean {Phytophthora paralitica Dastur) — Dastitr, 

.1 I On Phytophthoia paratttica n sp Mem Dept Agr , I ml Bot Sir 6:177- 

231 1913 Botler, E J Seedling blight. In Fungi and Disease in Plants, 

pp V2t> 330 191S 

Phytophthora crown or foot rot <f rhubarb {Phytophthora parcmtica Dastur) 
GaD>RL^,G H \ Phytophthora foot rot of rhubarl) Joai Agr Res 23:1-26 
1923 . 

Black shank of tobacco (/ hytophthora nicotn nrr Bdll ) - Bred\ de Haan, J Van: 
D(» bjbitziekte m de I>*li-tabak veiworzaalt door Phytop} ihora ittcoiiana. 
MuUit Lamls PlanUniuin 16:l-10i 1S96 Ashb\, S F . The oospores of 

Phytophthora mcoiiarnx w it I’ notes on the taxonomy of P paralitica Trams. Brti. 
Myc Soc 13: 86-95 192S 

Omnivorous Phytophthora disease {Phytophthora cntloromLe}) AQihii) — Xl't* 

of danijimg-on, blight, irown to! and fruit rot, iiuiudii g cat li, forc<?t And fruit* 
tree aet‘dlings, giiiM ng, rbubaib, apple, 4 pear fruits, etc Riehm, E : In 
Soiaiici^ Handbikb dor Pflaiizenkr (5te Auf ) 2: 411 415 192S Beach, W. 

S The trown rot of rhubarb caused by Phytophthora cacinrum. Pa Agr. Exp. 
Sta Bui 174: I 28 1922 Ro-e, D 11 and Lindeoren, C (3.: Phytophthora 

roi of pears and apples Jour Ayr Ris 30:463-468 1925, 

Ink disease of chestnut {1* hytophthora cambivora (Petri) Buis . Syn Blcpharoi^fHna) - 
Petri b Studi sulla inalattm del oat^agno dotta “dell’incheostro ” Ati7i R * 
In^t Forest \az 2- 219-399 1917 Flrrakis, T’ Mai doll inch lost ro del 

Castagno In Tratto di Patologm e Terapia Vegetalc 1, 18S‘“189 3a 
Edizione 19? » 
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Auftraliim brown rot of citrus iPhytophihora syring(P Kleb., 8yn. P . fnoemalts Uame). — 
ReportPil to be distinct from California brown rot. Carne, W‘; M. : A brown 
rot of citrus in Australia. Jour. Roy. Soc. West. Austral. 12: 13. 1925. 

Tomato foot rot (Phytophthora cryptogea P. & L.).— Also attacks potato, petunia, wall 
flower, china aster, etc. Pki'hybiiidoe, G. 11. and Lbffbrty, H. A.: A disease 
of tomato and other plants caused by a new ?pccies of Phytophthora. Sci. 
Froc. Roy Dublin Soc. 16: 487. 1919. 

Downy mildew of coffee and cocoa {Trachysphirra frucUgena T. & B.). — Tabor, R. 
J. AND BuNTiNCi, R. H. I On a disea.se of cocoa and coffee fruits caused by a fungus 
hitherto undcscribed. Ann. Boi. 37: 153. 1923. 

AliBTlGlNACBif^ 

Whit© rust of cabbage, radish and other (Vucifene {Albugo Candida (Pers.) Rous.). — 
(Stic special tr<*atincnt, p. 432.) 

White rust of salsify and other Compositie {Albugo tr^'gopogoms (P(‘rs )' Si'hrti t.).— 
Causes spotting and blighting of leavers and dwarfing of roots. Oogpores are 
abundant in the ilowenng Ktenis Pfi.^tefi, R.: Zur biologic von Cystopus 
tragopognrus CentraVd. Bnkt. (Abt IT) 71: 312-313. 1927. 

White rust of sweet potato and other species of Jponura {Albugo ipomocfe-pandurarup 
(Schw ) Swingle). —Produces y<‘Ilow spots on leaves and stems. Taitbenhaus, 
J J ■ W lute rust In Discase.sof the Sweet Potato, pp. 120-133. E. P. Dutton A' 
Co., Inc, l!)23 CiFBKHi, B.* Osservazioni siilla specializzagione dell Albugo 
iporTi(e;c-pan(lurinie(Sc*hvv )Sw. Nunio<iioyn.Bol.Jial.,v\ s., 36 : 112- 131. 192S. 

White rust of amaranths {Albugo hhii (Biv ) Kuntze). — Attacks both wild and culti- 
vated species Butler, E. ,1.: Tungi and Disease in l^lants, pp. 316-317. Cal- 
eiitta. 1918. 

White rust of purslanes {Albugo portulacoe (DC.) Kuntze). Attacks both Portulnca 
mtim and P. olerfvcea Causes hypertrophies and inalforrnaiions various 
aenat parts; prostrate shoots become erect or ascending. Butler, E J. Lee. 
ciL, pp. 318-319. 

PeHONOSPORACE/F. 

Green-ear disease or downy mildew of Sttaria italiva and various other grasses 
{Sclero'^pora graminicola Schrod ) - Causes biigl^ing and shredding of leaves and 
the formation of leafy heads. Butler, E. ,].. Loc. at, pp. 218-223 1918 

Weston, W. II. and Weber, C. F. : Downy mildew {Schrospoia gfominuolu) on 
Eve/glade millet in Florida. Jour. Ayr. Res 36: 93.>-963. J92S. Melhl^, 

I. E. ct. al.' A study of Scltrosjxjra gramtnicola (Sacc.) Scht on Selana lundis 
and Zra mays. Iowa Agr. Exp. Sta. Res. Bui. Ill: 297 338. 1V)28. 

Downy mildew of coni, wheat, rice and various grasses {J^rlcrosj>ora macrospora Sacc ). 
Produces excessive tillenrig, yellowing, hypertrophy and twisting of leaves 
and also nialfonnatum of the inflorescenee. Ippolito, (i D and Tkavekso, 
G. B.: La Sclerospitra macrospora Saee. parassita delle inhoreseenee di Zen mays. 
Staz Spec. Agrar. Hal. 36: 975-996. 1903. We.'^ton, W. II., Jr.: The (»reur- 

rence of wheat downy mildew in the United States. U. S. Dept. Agr. Circ. 186: 
1-6. 1921. 

Philippine downy mildew of com, teosmte* and sorghum {Sderospora phih pinnensis 
Weston). “Characterized by yellowing of leaves and dwarfing or blighting of 
plants. Weston, W IL, Jk.: Philippine downy mildew^ of maize. Jour. Agr. 
19: 97-122. 1920. 

Downy mildew of com, sugar cane and^V/cc/uxru/a sponlaneum {Sclerospora spontanea 
W eston). — Symptoms and effects similar to Philippine dow'ny mildew^. Weston, 
W. H., Jr.: Aiiother conidial Sclerospora of Philippine maize. Jour. Agr. Res. 
20: 669-689. 1921, 
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Downy mildew of coni and tooairite (ScUrohpora maydi9 (Rac ) Butl ) of corn and 
oorn-teosiiiti li\hndb {S jmamca (Rac) Palm) and of sufictir cane, corn and 
teosmtc (j!> mcchari Miv ) arc reported to be \crv similar to the last two, which 
are Philippine spic les Buti fr, B T The down> mildt vv of maize (Sderospora 
maydia (Rac) Butl; Mem Dipt Agr , luiiana hot Str 6. 275 280 1913. 

(See also refeieinc in Philippine Down\ Mildei;i ) 

Downy mildew of grape [Pla^viopaTa tnticola (B & C ) Berl & De T ) — (See special 
treatment, p 439 ) 

Downy mildew of sunflower and artichoke {Plat^rnopara halstuhi (Farl ) Berl k 
De T ) Nishimuhv, M Studies in Plasmopara Ilalsttdii II Jour Col \gr 
Hokkaido Imp Unix 17 1-61 1926 \oung, P \ and Morris, II E 



1 i(i lit ( OTjidiojjiion H of do\Mi> milieus 1 )ri B Pi roiioapora C Brenua 

Plesiuopnni dovN n\ milih \n ui t ii’Mv Pi d simflou^ is Join Hot 14 "iSl 

Y'il 1927 

Downy mildew of Umbelliferaj {Plo'^un put i unto (I ) Si hr ) i hi'^ spt(.i(^ attc* ts 
mots ])iisni|)s i)irsh\ unl otht r sjhi u llibiiM I Lm xxt 2 439 192s 

Downy mildew of cucurbits {Pironupla utpu tuhinsi fB A. C ) Cl ) \fftcts 

lilt Ions, Lutuinbiis squish iiimpl ms an I otlur lultiMittd anti wild species and 
tausts\(llow ind lihiuhting ot U hm s C i inton (« P IXiwiu mildew 

or blight Pdonopln uii ]uiu t uhi n is (B iSl C ^ Clmt ol iniiskintionb uid cuciini- 
btis ( 01171 (N/w H lun) \(p tip S/tx Ript 1904 l()2 

Downy mildew of hops \!*it mopin'^ tiopu u humuli M ik 1 ) This disease hvs biH^n 
found m But) li ( duinl ii wistuii \\ Islington, ind Oitgon since 1929 Sal- 
mon I iS and Wohmaid U Ihpt new di i^-ts ol tlu hop Jour Ahn Agr 

Ot hi i 30 1 >0 1 >7 Ih^i \M) Wmii-, W M Iht dowin mildew of 

tin hop ind iis * pith mu onummc in 1921 \tin \pp hiol*X2 121 151 
1925 BixTiNi ( P< loiioNpoi i tfilsln#! Ml It in) di s llopftn Rts 

Aqron R( pub I clnchos 27a 5 274, 29, 299, iOl ItU 1927 Abs Rei 

\pp Myc 6 690-692 1927 /\rTL>H,^l libeidit EiiPiiisse von Tempera- 

liii,(ti t*hifBip^fb Zut\chr Z 2^1 102 19>l 

Downy mildew of lettuce (Premia laituar Hegel) Ciustb i mellow spotting and 
blighting of the iu>\eb \ttiukb alst' endiytfi, glolu utii lioke uid \oung cinen- 
nas as well as (irtain wild Composite Erwin, A 1 (Mntrillmg dowin mil- 
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dew of lettuce Iowa Agr Exp 196 507 32S MiLbkaith, D 

G Downy mildew on lettuc e in Californift four Agr Kev 23 8S^>-993 1Q23 

Downy mildew of crucifers (Perono^pora paranhrn (Ptrs 1 lul ) - Attacks the cah 
hage and most ollur cultivated sptcifs of the mustard ^amdy as well as various 
\s lid pf ci( H (i \i MANN E Ueber die I oriiu n der Feronosima parwnhea (Pers ) 
Iras Km Bcitrag zur Spetiesfragc bci den parasitise hon Piizen Beth Bot 
initralbl 36 595-') 55 1918 Tmi N(., I II Opni rkmgen oher Perono6pora 
parnstfira op Wool J i^tUchr Plantenz 32 1 01 179 1920 
Downy mildew of alfalfa and clover {Ptnmo'ipom tnfoUorutn De By ) — MkLHUb, I E 
\ND PATEii M K Si 1 Jj of PeronoHpoia inf Ai ^rum Dt Bary on species of Legu 
minus I I roc foua 4ru / Bn 36 IH 119 
Leaf mold of spinach (Pfumo^pora sfnrtnna I »ul 1 iuksson J Zur Entwickf 
lungsges liu ht( dis Spin ithc hmiinc !*> (Inor t futa nput JCt(p (Grew) Laub j 
1r/ / hoi 16 1 25 J91S 1919 Smidi L B v\;ntiol ot spi lafh leaf mold 

(dowriv mildew) l\ Mpra>mg \o St Ut * loj i orr Quart hul 3 1921 

Downy mildew of beet {I irtmos^urm •^chcHu lu K ; Vllacks both common and 
sugar b((ts Ii-ach Ij I) I)ovvn\ mildew ol tlu l)et t caused by PtronosfM)r(i 
schachhi luckd Ihlgai iin 6 20 5 2j1 19 51 



I*ici 127 Brinched hiiiiMtorii f 1 r j rt (in; i,rc with I ig 121 \ t 1/P 1 ) 

B y 

Downy mildew oi peas (Ptraio i ora uaa Ih t1 i Atta< ks sti ms h a\cH mil pod« of 
vanous other Uguints me ludmg vi tchc s hrdils i id horse be ms Hii-hm F 
Loc a* 2 447 14S 1928 Ramsi.^ G B Oospore stage of Ptronospoi / 

ncTcr on peas I S Ihpi \gr PI irit Dis 7P/ 16 52 55 19:>1 

Downy mildew of pansy and violet {/ troa span tola (Schm) IX^ ) Rifhvi h 

1 ac cit 2 215 1921 

Downy mildew of rose (Pironospyri par\a Bcil- ) Rinivt E Lor rn 2 44S 

1928 Konopacra 15ownj mddew of ro^cs Fobs/i igr and I or \nn 18 
Ibl 168 1927 

Downy mildew of opium poppy and other pop|)> peeies {Pfrom>^porn arhortsten 
(Berk i De Bv ) Bi tli u P 1 I ungi ind Disc ise m Plant pp 34 F 546 
Cakutta 191S 5ossiK)vncH M Ptrono^pora arbort^Kns (Berk) deB iiu 

grave parasite du Papain bmimfnum ( ompt Rf'nl \cad Agr Prance 16 
1010 1018 1929 

Blue mold of tobacco (Pfromnpora hgosci/amt I)t B\ '^mith E F and MeKsN- 
NEY, 11 E B A dangerous tolm CO dise as( ippc irs m the I mUd State s U *S 
Ddpl Agr ( rc 174 1 6 1921 Also ( irc 176 and 181 1921 Adam, D 

B The blue mold (Ptronos]X)ia) distase of kibaeeo Jour Dept Agr \ ictona 
23 436-440 1925 Pittma^i H A Downj mildew of tobacco Jour Dept 
Agr ]^ebt Aust 2 264- 272 1951 

Blight or mold of omons {Perono^tfwra schleideni 1 ng ) Whltzbl, H H Onion 
blight Cornell I nn Agr Exp Stn Bui 218 1 59- 161 1904 Murphy, P 

A The downy mildew of onions with partic ilar reference to the hibernation ot 
the parasite Bci Prnc Roy JSoc Dublin 18 237-261 1926 
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DISEASES DUE TO CHYTRIDS 

CHYTRIDIALES 

The spe^'ies belonginj^ to this order are mostly oblit^ate parasites of 
very priTnitive character which live on oilcT microscopic organisms, such 
a> protozoa, rotifers, algie, water molds and some other fungi, pollen 
^Mairis that tall into the water and a smallei number which live in the cells 
of see<l plants Many of the seed-plant hosts are aquatic fonns, but a 
f(‘u iivv terrestrial plants of economic importance and suffer serious dis- 
tiuluiiicc^s from the attacks of these minute forms. The name of pond- 
s<‘um parasit<\s is sometimes applied to the order, because of the large 
mimlxT (>f s[)ecies which attack fresh-water alga' 

General Characters. The fungous body consists of a single cell or a 
single cell with a fe^^ root-like or hypha-like outgrowths In a few genera 
a plasmatic body of delicate fibrils {xmetiales from one cell of the host 
to anoth(‘r, to form a piasinaeomplex, c^r a branched mycelium may be 
formed 'Flie plant body generally organizes the reproductive stage or 
passes into a resting form after a short existence in the vegetative condi- 
tion The fungous body mcy be transformed directly into a zoosporan- 
gium, or zoosporangia may be formed from specialized portions of the 
plant }>ody The zoosporangia are either thin walled and capable of 
organizing zoospores or r^warm spores at once, or they are thick-walled 
resting sporangia, which develop swarm spores only after a period of 
dormancy The swarm spores are mostly umeiliate, occasionally biciliate 
and generally of definite form, although those of a few^ species have an 
aimrbeiid eharact<T 

in most hpe'cies asexual reproduction by swarm spores predominates. 
In s^»me forms two separnfe cells unite the contents of one passing into 
the other, to form a zygote or zoosporangium, or in another case resting 
sporangia are formed by the conjugation of two swarm spores. 

The Chytndiales are probably primitive forms which occupy a place 
cl()S(‘ to the base of the fungous family. tree, but the opposing view aee^ 
them as degemerates in which the power of sexual reproduction hag 
generally been lost 

The order includes six families and many genera, of which the follow- 
ing are the most important as furnishing parasites of crop plants: 

465 
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Plasmodiophoracefi?: Plasniodiophora, and Spongoapo^'a. 

Olpidiaceap: Olpidiurn and Olpidiastor. 

Synchytriacea* : Synchytriuin. 

C'ladochytriaoeiiP: Physodcrma and Urophlyctis. 

Plasmodiophora. -l''hp vpg(‘tativp body within the boat is a naked 
protoplast, at first uninucleate, but increases in size and becomes multinu- 
cleatc within the host cells. Tho^o form free spherical, smooth- walled 
uninucleate resting spores, which wdu*n scd free germinate to form ama* 
boid zoospores (myx.* i:'(i ba^) by w'hieh new" infections result. 

Spongospora.- 'Fhe vegetative body is a muhmucleate naked, plas- 
modium-like body. Th(» resting spores are grouped in sponge-like balls, 
consisting of many uninucleat(‘ cells. Kach cell of the spore ball germi- 
nates to form a single, uninucleate aiiui'ba (myximfiadia), and these fuse 
to form plasmodia-like bodies jirevious to penetration of a new host. 

Olpidiurn. — The vegetative body is a nake^d protoplast w"hich later 
surrounds itself wath a tliiii cell wall and becomes a zoosporangium. It 
then forms a kuig tubular neck extending from the host cell to the out- 
side through which the iiniciliate swarm spores are set free. Resting 
sporangia with thicker walls may be formed, but these also germinate to 
form swarm spores. 

Olpidiaster {Asteroci^stis), -Yvry similar to Olpidiurn, but the zoo- 
sporangiuin not forming a neck. Resting sjioraagia showing a star-Jike 
folding of th(‘ w'all, hence the old name AstcTocystis, 

Synchytrium, The vegetative body of the fungus is a large cell 
occupying an epidermal cell of its host wdiich it nearly fills. The content 
is generally cidored 3 "ell(»wi,sh or yellowish red by oil drops. This vegeta- 
tive cell, which is early surrounded by a cel) wall, may be transformed into 
a resting sporangium or it may divide to form a group of si>orangia, a 
8fK)iangial sorus. Th(' siiorangia germinat(‘ to form iiniciliate swarm 
sfiores. The invaded host cell is frequently enlarged and surrounding 
cells also hypertrophied \o form galls, which are generally bright colored. 

Physoderma. limgoiis body consisting of fiia^ fibnh^ and eiilargcal 
portions (“Saninuizcileir’) occupying the host cells and freipiently 
spreading from cell to cell by means of (he fibrillar hyjilue. Colored 
resting zoiisporangia formcal from the Sammelzidlen,” and set free by 
the dLsiiit(‘gration of the host eells. Zobsporangia germinate to form 
uniciliatc swarm spores. 

Urophlyctis. l ungous body of fine branche<l liypha^ provided with 
enlargements; c^)nHne(l to a siiigh hypertrophif'd host cell or spreading to 
many cells. Ib'sting cells formed by proliferation from segmented tur- 
binate cells and globular or ellipsoid-tlat lened, and towards one side pro- 
vided with a circle of hyaliiH^ apfiehdages (haustoria) which disappear 
with maturity. Parasitic on the subterranean or aerial organs of higher 
plants, and frequently forming conspicuous malformations or galls. 
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CLUB ROOT OF CABBAGE AND OTHER CRUCIFERS 

f^lasrN()du)f)ho/a bras,siC(e Wor. 

The cabbape and other sjk'cips of the mustard family arc frequently 
attacked by a disease which first produces swellinf^s or distortions of the 
root, fcdlowed frequently by decline in vigor or by death of the affected 
plants. The characteristic effect upon the root system has suggested 
such names as ‘'club foot/’ “clump foot,’' “club root,'’ “clubbing/’ “fin- 
ger-and-toe disease,” “anhuT-y,” “Kohlhernie” (German), “maladie 
digitoire” and “gros-pied” (French). 

History and Geographic Distribution.- Tho origin of the disease is uncertain, but 
it was the caus( of conceni ii> Scotland nearly 100 years before it attracted special 
attention ip Russia, win re it v\as so uulespread and destructive m the n‘gion of St. 
Petersburg tlial the Hiisbiaii (kardeners’ Association offered a prize for its study in 
1872 As a result Woroniii b(*gan the stud> of the disease in 1873 and by 1876 had 
completed \\liic!i wen- })nblished in the fall in 1878 Previous w'ork by Casp- 

ar\ liad tailed fco establish tlie presence of a parasite as the cause of tlie disease, the 
true nature of the disease as due to a simple slime mold being hrst determined by 
VVoronm PreMow^ to tin- work of Woronm (1S78) finger-und-toe was frequently 
discussed m ij^aidcn literature betvvetn ISOO 1860 in various English journals. As 
late as isr>,5 iSot, Puckman clarmcd , lat the djs< ase was dm- to a reversion to the 
original wild foriiit, wluh r)ther wiil(‘i'« held that soil and dimatie conditions w^ere 
roi*ponsible The disease has bceonn' world wide and attention Ins tx'en given to it m 
England and vinous European countries, while it lias bi-eii fre(iuently reported m 
American disease literatun- Ren r.t miportaiit contributions to oui knowledge ot the 
disease have In-en made ]>\ Lutman (1913;, Cunnmghain (1914;, Chupp ( 1917}, Kunkel 
(1918), Hremor (1921), Joins G928), Ckxik ainl Sehwaitz (1930^ and Wellman fl930'l 
The disease has gi\en most eoneein because of its atTa(‘ks on cabbage and turnips 
In 1892, club root wjn eoinmoti in ]\ew England and the Mnklle Atlantic states vjn-re 
it was considered one of the woist enenin-s of the market gardein-i It sjiroad south- 
ward and wi'stwaid, re-iehmg Virginia aiul tin Ca* loas on tin south and Wisconsin, 
Illinois and low-n on the nest It afipeanal in the truck sc-etion ol the J\iget. Sound 
country m sufficient abundance to call fort!) a special bulletin in 1910. it is new 
known m 36 slaters and is lejxuted as iinjxutaiit m 21 (Wellman, 1930) 

Symptoms and Effects. - The disease may affect seedlings, which 
after 3 to 5 w^^oks show “flagging:,” or the leaves assume a pale-green or 
yellowish color and tlie roots twll show swellings ten to twelve times the 
diameter of normal ones. Seedlings that are infected early are usually 
killed before the season is half over, while later attacks are less serious. 



158 


MANUAL OF PLANT DTSE USES 


The cliMtortj^d rootn fail to ah^orl) nourishiiu'nt Iroiu the soil and are often 
uuahle to transfer the plant fo(»d and water eolleeted by the healthy roots to the 
«. ibhajjie head <'r othe»' 'storage plaet The j>lant starve''^, little or nothiiiK being 
stored eitluT in a head, as in the ra'^e cal/bage anti ^ueh filants or in a sueeulent 
taproot as in the case f)f turnijis and radi'-he''. 

This tunetional failure of the loot ^tllnt‘^ the plant. The outer and oldtT 
leaves ])eeoine yellow' and sjcklv, ^oon drop ind, in tlie ease of cabbage and cauli- 
flower, the lii'ad is always sinaU At first they vviit only in the hottest weather 
or during midday and rt'covor in the cool ol tlie day. apjieanng perfectly normal 



Flo 128 -r’lub root of oabbaKe sliow- 
iiiK swollfu and distorted loots mid unde- 
veloped head {AfUr ( unrunghan , T7 
Uul, 185 .) 


the nc\t nuirnmg, but as th<‘ disease* 
advances, the t) iter leaves wutluT and 
fall on(‘ alter tin* other until in -severe 
attiuk^ the whole plant (h(“s a rc'sult 
noticeable in duly or August, but most 
severe in September i^(’uiinmghain) 

Th(‘ sw’ollen distorted naits 
begin to decay in the sod towards 
the latter pait of the growing 
season due to invasion by l)act(*ria 
and soilHiihabiting fungi, and thus 
the injury is increased. 

I 

Tht‘ injury to cabbagi' and su*iilar 
crops caus(‘d by thi'*' disiiise (aj‘ onI\ 
be appreciated b\ those who have seen 
it destroy whole cri'ps Cabbage, cauli- 
flower and radish suher most Iktc but 
in Europe, wluTe sto»*k turnips or ruta- 
bagas are largt-h rais(*fl. thc'se crops 
suffer .severely. Certain Scottish lands 
were long ago abandoned toi raisintr 
turnips because oi its pre\alenee, and 
many American gardeners no long(‘r 
rai>e eabbag(‘s for the same reason 
1 Cunningham, 1014) 

The type of hypc'rtrophy of the 
root system varies in the different 


.susceptible hosts. Six general types are recognized by Cunningham as 
follovvs’ 


1. Complice clubbing of mam and lateral roots Braa-stca ole/acea 

2. Clubs op mam root^, laterals free Stsymbriurn altismmum 

3. Clubs on lateral roots, mam root free — S. officinale and Erysimum 
cheiranthonhs 


4. Clubs on main and lateral roots with club-tree rootlets above the 
diseased portions — Lepidtum sativum. 

5. C/lubs as tumors of the root — Rap} anus saiivus. 

6. Dark^ decomposing spots on the root — /J. ^ativus. 
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The hypertrophied roots in pjroup one are very frequentl} s(jinewhat 
elongated or fusiform, and thus the malformed root system of such a 
nature as to be well characterized by the descriptive name of finger-and- 
loe disease In turnips or rutabagas the swellings of the loot*' are very 
frequently globular and groupt'd mainly on the laterals, with the fleshv 
taproot more nearly normal, but in other cases turnips mav be so l)adly 
clubbed as t(» present only a group of blanched h\]>ertToj)hie(] io(>ts 

Attention should be directed to the occurrence of galls oi hvpcrtn/ 
phi ‘S on the root system <^f C^iucifeis jiul manv othei sjkch's, due tu tht 
eelworni oi nematode [Ccuonetna laduuoln) I h(‘M* loot knot^ rnav 
ea^^Jly be mistaken for the effects of club root, as superficial ippoinnce^- 
nre frequently siimku , but it isgenerallv (piiti ( as\ to d( ttTnune tin 

presence of the nemitodes in tlu (oit(\ of tin h\''p(‘T iiof>)\ual tissues bv 
muToseopie cMmination Koe Itoot Knot, ( hap KWJIK 

Etiology ( 'lub root \\a^ first shr)wn bv V\ oromn in 1S7S to be caused 
by a s|X‘eies of slime mold to which he gave the name of Pla^fnod opf oio 
hrassuit moie n^of ntly groiqxHi with the C^hvtiids ''Phe fiecasioiial 
(iceiirreiici of baetena m the tissue of clubs has h^d to the theory 
tfhit tin disease was cau-^ed by bacteria working in s>m[)iotic rela 
tu nslup with the plasiuodia of the slimc mold, hut cultuial tests 
from viulfs hi\(‘ faih^l to sub'll ant late Ihi^ tlaoiv 1 he baeten i 
arc [m evinsuieied only as secondary mvadens which follow rathei than 
aeu'iiij.anv tlie causal organism (Fed down, 1929, (\K)k and Schwartz, 
19o0) Mt hough pure eultuies of PlaMuodiophora cannot b( maintained 
MKcessbii inoculations liave lepeatedlv been m uh by the iisi' of soil 
eont jmiiiat(‘d with tlu spoies, or of soil fillrales containing a siispenbion 
of Die -.poiC'- and mou* leeently bv bnnging together cibbage seedlings 
giown undei aseptic conditions and sjioie^ obtained direct Iv’' fiom the 
mt(Tior of voung club« 'I his behavior with the constant occurrence (d 
plasniodia jH the cells of .affected loots, is sufficient proof of the active 
patht>g(‘nieilv of 7^ \\ or 

Aeeoiding to reef lit invest igatuuis b> C'hiipp (1917', no bacteria can 
lie obtained bv^ rultui il methods fioiii roots showing young swellings, but 
inediiini-si/(sl >w(*llings yielded a few ec/loiiu's, and laigf i galls, esjX'Cially 
those with brokmi (piderrms, yielded numerous colonies It seems prob- 
able that while Du bacteria aie not the pi m ii> invaders, they follow 
the sbnu mold, and bv their activities bring about the disintegration oi 
rotting of tlu diseased roots In so doing they eontiibutc to the injury 
and cause the spoies which have de\elo{Hul within the roots to be sed 
fioe into the sui rounding stnl 

The spores which are set tree by the decay and disintegration of the 
diseased roots may geriiimate at once or after a period of rest According 
to C'hupp, 1 to 5 j>ei cent will giu inmate m muck soil filtrate when taken 
from fresh roots, more will germinate if they have been exposed to a 
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fr(*ezing temperature for 2 weeks or more, while drying also increases the 
germination if not too severe. The optimum temperature fOr germina- 
tion is 27 to 30°C., but germination and infection will take place at 16 to 
21''C. if susceptible seedlings are present. The spores are spherical or 
slightly hexagonal due to crowding, and somew^hat variable in size. The 
following measurements have been recorded by different workers: 1.6m 
(Woronin, 1878); 1.8 to 2.2m (Molliard, 1909); 1.9 to 4.3m with average of 
3.3 m (f 'hupp, 1917). In the process of germination the spore swells to be 
one-third laj-ger, bulges on one side, the cell wall ruptures and the content 
escapes as a naked, uninucleate mass of protoplasm, provided with a 
single long cilium and a slowly contracting vacuok The details of form 
aiKt lx‘havior of these myxamfebie or swarm spores as given by different 
observers are scunewhat at variance According to Woronin, they are 
long, spindle-shaped structures, of variable form, with the single cilium at 
the narrow end, and endowed with the power of locomotion by the lash- 
ing of the cilium and by the protrusion of pseudopodia in characteristic 
anueboid fashion. As described by Chupp, they are 1.7 to 3 5 m in 
diameter, more or less jiyriform, with a thick flagellum from the anterior 
or pointed end, never amoeboid, but with definite form, and move entirely 
by the action of the flagellum. I’hese two different descriptions are 
explained by the ability of the zo(KS[)ores to change form (Wellma^, 1930) 
The manner in which these myxarmeba' or swarm spores brings Unit 
infection has been one of the disputed points in the etiology of the dis- 
eiuse. Various observers have found aimrbje or plasmodia containing 
two to six nuclei in the young infected tissue, but the exact behavior 
ween the uninucleate, free, swarm-spore stage and t h(‘ several-nucleate 
plasmodium w^ithin the host cells seems to be somewdiai obscure. Chupp 
claims to have found umriucleaic airuebie within the root hairs of young 
roots, but Kunkel t'lfllb) seems to be of the opinion that these were not 
the anuebaj of Plasmodiophora. More recently ("ook and Schw^artz 
fl9.i0) report that the sw'anu spores fir.st penetrate root hairs and form 
a small plasmodium with up to 30 nuclei, each of which organizes a 
zoosporangium. These then germinate, forming 4 to 6 zoiispores 
(gametes; much smaller than typical swarm spores. These gametes 
thenTnigrale to the epidermal and cortical cells of the root and there fuse 
in pairs, and the resulting zygotes give rise to plasmodia of typical clubs. 
No evidence of fusion of zoospores was found by Wellman (1930). 
Whether thejnfecting armeba* are uninucleate or become several-nuck^ate 
before penetration into the host cells is relatively unimportant. There 
is no evidence of the fusion of myxanurba^ previous to piuietration, as in 
Spongospora, and nuclear division must begin very soon after tlie ama'ba' 
have entered the host cell if it does not begin earlier. 

The idea had generally prevailed tJhat infection could take place only 
through young tissue of roots. Kunkel (1918) has presented rather con- 
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elusive evidence that ^*old tissues are readily penetrated by the parasite 
and that root hairs are by no means necessary to infection.” He was 
able to secure infections whether inoculations were made near to the root 
tips or at points far back from the regions producing the root hairs. 
Further, he was able to produce typical clubs by making inoculations on 
rather old cabbage stems. When infection takes place through yovng 
roots, it is possible that the ama^ba' may penetrate through root hairt 
and other epidermal cells of the primary cortex and pass on into the 
deeper tissues, but it seems probable that this method of penetration is 
not common, but rather that infection takes place through portions of 
roots from which the primary cortex has already lieen lost. 



Incr 12^ -1 # loss tiori of .t root Imdi^ iiilertod with l*lastn(Hltoph<tia 

H ri 08«-80( tioii t»f a healtliy ( ahhatfo root C plaflniodiiini passing tJiroiigti tht 

onH of a fell in the region of the cuiiihiuni {A and H aftd W oronin (' afttr Kunhl 
Jour Ao^ liis 14, Plat( 70/ ) 


Various •workers have generally agro(‘d that there are two methods by 
which the plasmodia may be spread throughout the affected root: first, 
by the division of cells in which two or more amo‘ba5 are present , ^nd, 
second, by the rnipralion of plasmodia from cell to cell. First importanei* 
has generally been giv<*n (o the former, wilu migration as secondary, but 
recently Kunkel has shown that, in the distribution of th^' piarasite in the 
tissues, migration is more important than cell division.* After the 
jim(pbffi are witbm th(' cells they begin to increase m size and the nuclei 
divide, making multinucleate plasmodia which product new plasmodia 
by division or separation In this way a single cell may contain a con- 
siderable number of plasmodia. The amoebae penetrate into deeper-lying 
cells passing from one cell to another, at*the same time migrating some- 
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what along the longitudinal axes of the root, and finally reach the eam- 
biiim They also penetrate into cells on the inner face of the catnbiuni, 
but migrate more rapidly in the cambium and thus spread the inf^^etion 
lengthwise from the original center of infection The plasmodia then 
migrate from the cambium into adjacent tissues of cortex or medullary 
rays, (.^arefully prepared sections will show plasmodia passing through 
the separating cell walls of adjactnt cells A.s a result of the presrnce of 
the parasite certam colls are great I 3 increased in size, and cell division 
IS stimulated, the stimulus extending beyond the cells actually occupaal 
by the parasite, and in this way a swollen or distorted roof is produced 



liG 130 - StaRefl in Hpnrc form ition in ^lie pl’isinodium The collection ot the c vtc 
plaflu) around the iiuclti is shown in U and A lui^o ^a<uoles are shown in ( 1) shows the 

edne of a plasniudiuni ahont read^ to form spores 1 plasniodium showdiifz run h \r diM 
sions prec ediiiK spore formation i Aftir Lutvian 1/ Agr Fxp Sta Hul 176; 

A «ingle, spindle-hhaped club is to bt‘ considered as a morphological unit 
resulting from a single infection that occurred at some point near its 
middle, rather than as a result of multiple infections 

Finally, some cells remain permanently infected, that is, t he plasmodia 
do not migrate from them These may lie single, in longitudinal chains 
or in groups called ‘Mvrankheitsherde Affected cells may be crowded 
full of plasmodia, which are highly granular from the presence of reserve 
food material in the form of oil globules Whether thes(‘ plasmodia 
finally merge with each other docs not seem to be quite clear, but by the* 
time the parasite is ready to start t^pore formation the individual pljus- 
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modia are packed so closely topjether as lo appear like larger fu^on plas- 
modia. IiF the formation of spores, the plasrnodia become filled whh 
large and small vacuoles, the cytoplasm collects around the nuclei and the 
whole mass is thus cut up into uninucleate masses which round off and 
surround themselves with protecting walls The mature spores are 
always umnuclealo, filled with minute oil drofxs and contain one or more 
small vacuoles. 

A single diseased root thus produces millions of spores which are set 
free into the soil by its decay, and these are capable^ of infecting succeeding 
crops f'n the same ground or the disease may bo spr( ad tf^ new fields. 
There seems to be little evidence that the spores are wind borne, although 
this might seem theoretically possible. The migration of the motile 
swarm spores in the soil is also believed to be a minoi factor in the '-piead 
of the disease It may be spread by soil earned on tarin irnplenuujts, on 
the feet of animals, by earthworms (Gleidjerg, 1922), through the use of 
contaminated fertilizer, by drainage water flowing from containmated 
soils to healthy fields or by the use of infected seedlings. 

Host Relations. — The statement is generally made that all sjieeies 
and varieties belonging to the mustard family (Cruciferje) are susceptible 
to club root Although some reports have been pul>li4i(sl of the occur- 
rence of the disease on other than cruciferous hosts, these afjpear to hav(‘ 
Ixam dii(‘ to confusing root swellings caused b}^ nematod<'s (root knot) 
with the somewhat similar malf<irinati<»ns caused by club root Kxten- 
sive tests of susceptibility were carrietl out by (’unningham (1914), 
using over 100 species belonging to 28 genera In these tests extend- 
ing through three seasons, the different species showed a variation from 
100 per cent susceyit ible to 100 per ceiu immune Tin' 11 species that 
remained free from club root arc rather rare and very seldom culti- 
vated Practieallv all (jf our ( ’ti\ated species sliowod a susceptibiht\ 
to the disease vfiiiehes of cabbagi*, caulifiowei and hrussels sprout**" 
iBrns.sKd oUiarea), tiirnij) {H (ampe^in rutabaga (H rapa), rape* [B 
7uipu^)j various mustards {B spp ), rac^’sh (Bap}(nu,-> satnus), pepper 
graSvS {Lepulium hpp j, aJyssum (Aiijshum .spp ) and various other less 
frequently cultivated specie^ xMore recently Naouinofl (1926) has 
reporbal the results of infect i<*ns on ISO specie'- in 19 geaiera, including the* 
first repe^rt on species of the sulnfamilv '1 heljiioduae 

Only a few of I he inon imjioitant uiltivated spfaaes have been 
it'sled for compainli\ n\sislance of \ane1i( s Of 13 varaaies of cabbage* 
leste*d by ('unmngham in 1911, the four showing tlie most resy^tance were 
Hollander, 26 5 p(*r ceni , Stone Mason, 14 4 per cent, Large Late Flat 
Dutch, 9 9 per i.ent; and Larly Jersey Wikefield, 9 1 per cent fre'C from 
clubs when grown on heavily contaniiivited soil The most suwsceptible 
vanetu^s, like Maipmoth lied Lock and Perfection Savov, gave 100 per 
cent clubbed Thirteen varieties of radish te&ted in 1912 and 1913 
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showed Early Long Scarlet the most susceptible and Early Giant Stutt- 
gart and Early Scarlet Turnip the most resistant. Per cent of clubbing 
varied from 1.8 per cent in Early Scarlet Turnip to 92.3 per cent in Early 
Ixing Scarlet. Turnips and rutabagas wore also tested, with the result 
that Sweet Gorman, White Swede, Early White Milan, Early Snowball 
and Purple Top Abt‘rdecn can he counted as relatively resistant, while 
Southern Curled, JOarly Purple Top Strap-leaved and Improved Purple 
Top Strap-leaved may be olasstd as relatively susceptible. Turnips as 
a class arc somewhat more susceptible than the rutabagas, although some 
varieties of turnips are mcjre resistant than certain varieties of rutabagas 
(.see also Gleisberg, 1923; Davies, 1928). 

Predisposing Factors. Club root is especially favored by acid soils, 
tht‘ niiml)cr of zoospores hberattnl reaching the highest numbers under 
such conditions. Spore genu iiial ion and infection are not exclusively 
dependent upon the H-ion concent rat i(»n, but no infection will ordinarily 
result aliove pll 7.2 to 7 \ (Chupp. 1928) A survey of 1 JO fields (Well- 
man, 1930) showing oiiib root gave a range of pH 5 to 7.8. The excessive 
use of acid fertilizers oi highly nitrogenous manures and the withdrawal 
of lime by the <MCti()Ti of smoke gast‘s in industrial eentiTs may be expected 
to favor the development of club root (Bremer, 1921). 

Spores g('rniinate at a temperature range of 0 to 27'^(’. with the maxi- 
mum germination at 2r)°C. Club-root development occurs fr^i 12 to 
27°C , with the opliinum from 18 to 25*^C. ‘*The optimum temixTature 
for host-root development, 2()°C., is distinctly lower than the optimum 
temj)erature for spore germination and disease development, 25°C.’' 
(Wellman, 1930- 

The moisture factor seems to be more important than temperature, in 
its relation to infection. h"xperi menial tests have shown that tlie disease 
does not dcveloj) where the moisture content of the sod is down to 15 to 50 
pi'Y cent of its water-holding capacity but will occur when the moisture 
content i.s higher, reaching fieavier infection as saturation is approached. 
Low-lying, poorly drained soil might then be expected to favor club-root, 
and well-drained soils t(/ inhibit it It has, however, been shown that 
infection of the host results in 18 hours' exjiosure to favorable moisture 
relations; conscxpi^ntly hea\y, prolonged rams may offer conditions for 
infection even in the best-drained soils. 

Preventive or Control Measures. — The various practices bearing on 
prev(‘niion ot control may be briefly enumerated: 

1. Sanitary practices designed to prevent the contamination of new 
areas. Diseased roots if fed to live stock should be thoroughly boiled 
before feeding, since the spores of the organism will survive passage 
through the digestive tract of animals, and might be earned to the fields 
with contaminated manure. When plants are grown in seed beds some 
method of sterilization should be practiced, especially if club ro4)t is 
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known to prevalent in the environment. Corrosive sublimate, 1 
ounce to 10 j^allons of water, applied five times to badly infested seed beds 
has given excellent protection (Chupp). Later trials by others have been 
varied m methods of application, but in general fair control has resulted 
(Clayton, 1926; Preston, 1928; Blunck, 1928). Good results from the 
use of uspulun have been reported (Bremer, 1923; Clayton, 1928, 
Preston, 1928) but in general, less satisfactory than with mercuric chlo- 
ride. Control in Hi>ed was obtained for three seasons by watering with a 
10 per cent solution of washing soda (Osterwalder, 1929). Consideration 
should also be given to the fact that soil from contaminated fields may be 
earned on cultivators and the feet of horses, and such transport guarded 
against as much as possible 

2 Crop lioiahon f^abbagos generally grow best on certain types of 
bottom * ind or muck soil, and since this type of land is restricted in area 
in many localities, there is a tendency to grow cabbages on the same land 
for a fieriod of years Under such conditions club root is likely to increase 
in severity until the entiie soil becomes heavily contaminated. Since 
it has lieen sho\vn that the club-root organism can live m a soil for 3 or 
more (6) years, a comparatively long rotation should be adopted m 
handling contaminated soils Four or five, and preferably six years 
"liould intervene between cabbage crops and no cruciferous crop of any 
kind should be grown in the mteriin Attention should also be given to 
the elimination of all weeds Ix'longing to the mustard family. 

3 Use of Fertilizers -Consideration should be given to kinds of 
fertilizers not to use as well as to t}u>se which may be used with profit 
The immediate application of barnyard manure is favorable to the dis- 
ease, hence this fertilizer should be applied during (he season preceding a 
susceptible crop, but not t(. a i. obage or ^urnip crop itself. The same 
rule would apply if acid phosphate is to be used as a fertilizer Since 
most soils in which club root becomes sev( re are distinctly acid, the use of 
hme has long been practiced with marked iUccess, and slanild certainly b(‘ 
adopted for contaminated soils on which rotations of sufficient duration 
arc not practical Lime in various forms has been used as raw-ground 
lura^atone, caustic hme, air-slacked lime and h>drated lime, the last 
giving the best results for field use, 1500 to 2000 pounds per aci? for 
commercial control in badly contaminate 1 soils (Wellmai, 1930) Best 
lesults will be obtained by treatment seveial months previous to use ol 
the ground. Cunningham reports an increase in yield of ci^bbage from 
672 pounds per acre where no lime was applied to 23,082 pounds per acre 
when treated with lime. Calcium cyanamide, which is also of value as a 
fertilizer, has been recommended aS a substitute for lime (Kmdshoven 
1928). 

t Drainage . — Since an excess of moisture in the soil is favorable to 
the development of club root, low-lying or water-logged soils, whether 
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acid (Jr non-acid, should*bo thoroughly drained and the* physical condition 
improved as much as possible, but drainage alone cannot bo counted on 
to control the disease 
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POWDERY SCAB OF POTATOES 

Spongospora subterranea (Wallr.) John. 

Powdery scab is a disease that attacks roots, stems, stolons and tubers, 
producing small hyperplastic galls on the first three structures and small, 
circular, scab-like lesions or, more rarely, cankers on the tubers. Only 
parts that are underground are infected. Secondary rots may enter the 
tulx*rs through the scab lesions. 

Various common names have been applied to the disease, such as 
corky end, corky scab, powdery scab, Spongospora scab and potato 
canker, but powdery scab has been most generally used, especially in 
America. The name is descriptive of the character of the lesions and 
serves to distinguish the trouble from the more widespread and common 
scab {Actinomyces scabirsy. In Germany it has been called ''Kar- 
toffclraude,'’ ‘^Knollcnbrand” and ‘‘Schorf' or “Grind’' at various 
times; in Sweden it is known as “Sknro”; and in Ecuador as “Cara," 
which is equivalent to the English word “scab.” 

History.- -The diseiise was first descri))ed in 1841 as occurring in Germany. 
Berkeley discovered the disease in England in 1846 in connection with his siudioa 
of late blight, and Bruurhorst studied it in Norway in 1886, but did ndt then recognize 
it as identical tvith ♦ he trouble knowm to be in other countries. While the disease was 
spread more or less throughout Great Britain and on the Continent, it did not attract 
much attention until many years later. It*is worthy of note that Lagerheiin found 
the powdery scab in 1891 in Ecuador, where it seemed to be well knowm to the natives. 
In 1913 the disease w'as found in the United States on potatoes iinportcil from lK>th the 
Netherlands and Belgium, which would indicate lhat the disease was well csfahltshetl 
in those countries. Early in the spring of 1913 it was reported from a number of 
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proving of Canada by Giisfiow, and from Maine in 1913 and 1914 bji Meihus. Since 
then there have been sporadic occurrences of the disease in a number of the other 
northern states, from Maine to Washington and Ore^on^ and in one locality in Florida, 
but it has not spread in these localities to any great extent. The discovery of the 
|K)wdery-flcab organism in 1915 on potatoc^s from Peru lends additional support to the 
belief that the disease is endemic in South America. More recently the disease has 
appeared in Australia, New Zealand, Tasmania and Kenya Colony. 

Following the discovery of the disease in Canada and northern Maine, a Federal 
quarantine was established to protect the other sections that w'cre still free from the 
trouble This quarantine prohibited importations of potatoes except under a strict 
system of certification. A few years' study sufficed to show, however, that climatic 
hamers were more effective than the most ngid quarantines in preventing the spread 
of the disease throughout the United States, and the quarantine was lifted. 

Symptoms and Effects, — The disease appears first on very young 
tubers and is then evident as small, slightly raised pimples or swellings 



Fio. 131 - Powdery scab of potato showing characteristic appearance of open sori (A/t*i 

Maine Bui, SS7.) 

with a slight discoloralion of the surface. The invaded tissue, when cut 
into, appears purplish. The swellings may gccur in groups or patches, 
or they may be very well scattered over the surface of the tubers. With 
the progress of the disease, the swellings enlarge, and become somewhat 
morejaised, resembling no los. Finally, the nodules or swellings break 
down, leaving a cavity filled with a mass of browrish powder surrounded 
by the lighter-colored, frayed-out peritterm or skin. These scab spots 
are usually circular or oval in shape, ^ f 6 to inch in diameter, but gener- 
ally less thafi thf maximum size They may be few in number or so 
numerous as to coalesce in groups and thus obscure their normal form. 
The circular form, the ragged margins of the periderm and the central 
powdery mass are characteristic features which seem to distinguish the 
disease from the common scab, in whic^ the lesions are larger, more 
irregular in shape, sometimes raised, sometimes depressed, but always 
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lacking' the bvown powder. The characteristic lippearance of the lesions 
may be modified by friction in handling so that tubers examined in 
storage may have the top and the powder rubbed away, leaving only 
slightly depressed, empty lesions. Some lesions may not have matureil 
sufficiently to rupture the epidermis and in many such cases the brown 
powder may be recognized by breaking away the external covering. It 
has recently been claimed by Shapovalov (1923) that under certain con- 
ditions the lesions of powdery scab become aborted and never advance 
beyond the simple condition found on young tubers, and that the«' 
aborted infections have been described as ‘'skin spol’^ duetto Oospora 
pusivlans. This opinion concerning skin spot does not seem to have 
found acceptance by English workers. 

In severe attacks, especially in moist soil, a distinctly warty ajipearance may 
develop, quite different from the ordinary type of powdery scab. These w’art*^ 
are several times larger than the scab pustules already described, and are usually 
smooth and roundish although somewhat irregular, varying in color from a light 
to a dark brown . . and more frequently occurring at the terminal or “seed" 
end of the tuber (Morse, 1914) 

It is stated that this “warty condition of the tuber is not so evident 
after the tuber has been remtived from the soil for some time, as the warts 
become .flattened and discolored, so that raised, more or less chocolate- 
colored scars remain in their stead “ (Horne) 

In the most severe form of powdery scab, the cankeroui< siagCy there is 
actual destruction of the flesh of the tuber, leaving hollowed-out , eroded 
areas. These cankers appear to come beneath areas originally occupied 
by closely aggregated groups of son of the typical form The canker 
stage IS generally due to gr )wth m a wet, poorly drained soil, and has been 
produced experimentally It is also favored by an excess of lime. The 
canker stage has not been found in the United State^, but it has beem 
reported from Canada and is not uncommon in the British Islands. 

The powdery scab affects other underground parts of the potato plant, 
producing white galls on roots, stolons and stems. These resemble 
bacterial mxlules and ' ary in size from minute tubercles the size of a 
pinhead to others as large as garden pc^as. The extent to which they may 
be present may be illustrated by a singk* plant which showed 149 on the 
roots, 19 on nine stolons and 8 on three sterns The root galls do not 
appear to exercise any markedly injurious effect upon the grow^th of the 
plants, and may be present ir certain eases wtivn the tubers are entirely 
free from infection 

The injury from powdery scab varies with the type of the attack. 
In mild cases, it consists only of surface scabbing, which disfigures the 
crop and depreciates its market value, with but little reduction of real 
value as table stock. The seed value 6f affected stock is greatly lowered, 
unless it is to be grown in anuis climatically unsuited to the development 
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of the djsc'ase (see Predisposing Factors). In such regions, very severely 
infected seed has given excellent results. In more severe tases of the 
common type as well as the canker stage, there may be lu!avy losses 
beginning in the field and ext/cnding into storage. It is reported that 
portions of some fields in Maine showed over 90 per cent of the hills 
affected, while th#^re were several cases in which the infection ranged from 
50 to 75 i>er cent. 

The scab sori leave open wounds which permit more rapid loss of 
water, and serve as the avenues through which wound parasites may 
enter and cause rol or decay, while in certain cases the scab organism 
resumes activity !ind destroys cells adjoining the onginal lesion. Each 
of the factors may oj)erato singly or in combination to produce effecti 
which may be* designated as powdery-scab dry rot. As a result of 
desiccation the tissues adjoining sori may become discolored, shriveled 



Viti. 132 Section throuii;}! a pow Jory-seah aorus ahiwinK disintcfi^rated tiasuo and iiuin- 
eroua spore biills ( l/Or AfclkuM al Jour, Agr. 7, 12 1) 

and shrunken. The renewed activity f>f the parasite destroys cells m the 
immediate vicinity of the sorus, producing a hard, dry spot } 2 to I centi- 
meter in diameter and * 4 to *2 centimeter in depth. This is apparently 
due to a behavior of the parasite similar to that which occurs in the 
development of the canker type, but of a milder form. '^J'he entrance of 
wound-parasites eaus(\s the most destructive type of powdery-scab dry 
rot. The bottoms of the scab pits are protected by but little or no 
wound cork, so that penetration of fungi is relatively easy. In Maine, a 
species of Phoma, described as new (P. tubtrom)^ was the most common of 
the wound parasites. The lesions caused by this parasite are sunken, 
dark, often hard and bony, vary from 2 millimeters to 5 centimeters in 
.diameter, may penetrate to a depth of 2 to 4 centimeters and, when 
removed, leave a clean smooth cavity which has suggested the name of 
‘‘button rot.” Other rot-producing organisms, especially bacteria and 
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various Fusarium species, may enter the Phoma lesions and complete the 
destruction with some confusion of symptoms. 

Etiology. — Powdery scab is caused by Spongospora subiervanea 
(Wallr.) John., one of Plasmodiophoraceai. While the organism has 
been recognized as a parasite since the work of Wallroth in 1842, it was 
some years before its true character was understood. It was first named 
Erysibe siibterraneay and even as late as 1850 it was considered one of the 
smut fungi by Berkeley, as indicated by the name which he gave it, 
Tuburcinia ncabies. In 1877, Fischer von Waldheim transferred the 
organism to Sorosporium, and it was not until the work of Brunchorst 
in Norway in 1886 that it was placed in the Myxomycetes. More 
recently the concepts of the relationship of the Plasinodiophoraceie to 



Fig. 133 - Mature spore balls in an enlarged host cell. {After Osborn,) 

the Myxoiriycet-es have changed, so that the powdery-scab pathogene 
is now generally grouped with the chytnds. 

The powdery content of the scab sori consi.sis oi niiinerous minute 
brown bodies known as spore balls, which are in n‘ality collections of 
spores held together in more or less spong('-hke^ spherical or ovoid 
masses, varying in size but averaging abf)Ut 50/i. Under favorable 
conditions these spores c»f the ball (all or part of them) may germinate. 
The germination has been observed by Kenkel on artificial media and it 
seems probable that the spores will behave in a similar way in the soil or 
on the surface of young developing tubers, ivich cell of the spore ball 
may produce a single, small, hyaline, uninucleate anueba wtiich generally 
escapes through an opening in the spore wall, Ic'aving the spore ball 
intact, but in some cases the entire spore ball disintegrates, setting free 
as many amcebae as there were cells in the spore balls. 1'hese ama*bae are 
actively motile and soon crawl away from the spore ball from which they 
are produced. Under dry conditions, these armeba' round up and 
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become Burrounded by a thick, rough wall, or become encysted, in which 
state they are resistant to conditions which would be fatarto the naked 
amcebae. With the return of favorable conditions, these cysts or resting 
cells may germinate and set free the amcrb® again. This behavior will 
explain how the pan site may persist in the soil from year to year. 

The exact manner of infection has been a disputed point, and until 
the work of Kunkel it was claimed by Osbf)rn and others that single 
amccbsc entered the host cells and later coalesced to form plasmodia. 
According to Kunkel, numerous ameobsc external to the host coalesce to 
form a plasmodium which becomes the infecting body, which then passes 
down through and betwe^en ihe epidermal cells. 

Usually a considerable number of cells are killed at the point where the plas- 
modium enters. Once beneath the epidermis, it spreads out in all directions 
and forms a rather flat, disk-shaped mass which separates the epidermis from the 
tissue beneath. In this way it comes to occujiy a space between the uplifted 
epidermis and sound tissue beneath. Sf>on, however, a number of projection.s 
of pseudopodia begin to extend downward, push in between the cells of the sound 
tissue and seem to crowd them apart. 

According to Wild (1929) the lenticels constitute the principal infec- 
tion courts, rather than the unbroken skin of the tuber, with some 
penetration through wounds. 

Small strands of protoplasm, the 'infecting psoudopodia,'’ are push<Hl 
through the softened walls of (he host cells, and in some manner boeonu' 
separated from the remainder of the plasmodium. Shortly after the cells 
become infected they enlarge and elongate radially to five to ten tinn^h 
normal size, forming giant cells which are responsible for the raised con- 
dition of young lesions, llltiinately the giant cells are cut up into smalhu 
colls, which are all infected. Kinaliy each nucleus of the intracellular, 
multinueleate plasmodium organizes a spore, rtnd these* become grou|Kai 
to form the eharaclerislic s|)ore balls There will then be left in the sorus 
a group of spore balls, mingled with fragments of old cell walls of host cells 
or other remains of host cells. It may be noted from this account tliat 
the first effect of primary invasion by the plasmodium is the stimulation 
of the young cells of the tidn'r to increased cell division, and (hat later 
these cells arc killed by the plasmodia which become intracellular. In 
these primary infections, the action of the parasite seems to be limited to 
a small group of colls. 

The plasmodium dry rot which always starts around old sori is duo to 
secondary invaj^^ons by plasmodia formed from the germination of s|)ore 
balls in the base of thekorus. In such casc\s, the old colls of the tuber with 
which the plasmodium comes in contact are not stimulated to a new 
growth, but arc quickly killed. Thclilasmodium enters a cell, consuming 
its cytoplasm and nucleus and then passes on to the next, leaving behind 
it a mass of broken-down cell walls, starch grains and other debris. In 
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this way the dry rot advances by the direct killing effect of the plasmodia, 
rather than by the production of toxic substances which diffuse into the 
cells in advance of the line of attack. 

The source of an infection is likely to be due to (1) the planting of 
affected tubers; or (2) to planting clean tubers in a previously contami- 
nated soil. The spore balls earned by infected seed tubers gernnnate in 
the soil under the same conditions as the seed, and plasmodia are producer! 
which may cause the infections in the manner outlined above. Spore 
balls generally remain dormant during the winter, but in the spring many 
will germinate, and under favorable conditions th<‘ plasiiiodia are prol>- 
ably able to lead a sapropihytic life if a susceptible host is not iivaihibl(‘, 
or under conditions of stress singk^ anui ba' may Ix'eome encysted 



Ki<i 134 A senudiiiKrftnimHtH drawinR of h tion throuf;li a mtv >ouiik 
showing fh< infecting plasniodium as it pUHh* Iht iidls ( \fttr hunkil. 

Jour Xg*- 4 , Fig i ) 


resting spores and so prolong the life of the parasite It is uncertain how 
long the powdery-scab organism is able to live in the k»i 1, but Liighsh 
authorities Ixdieve that they have evidtnce that a new crop may bf' 
infected after a lapse of 3 to 5 years 

Predisposing Factors. -C'areful study of the powdery-scab disease* 
has shown that infection takes place only under favorable climatic condi- 
tions The essemtials for infection seem to be rainfall jHTiods (tinging 
the young stages of tuber formation, followed by cool, damp, cloudy 
weather. If in addition the soil is |X)orly drained, the chances of infection 
arc increased. The proper teinpe'ratiire, coupled with the right moist uie 
conditions, must be provided for infections to take place It seems that 
the favorable relations are found only in American sections near the 
Canadian boundary and farther to the n»rth, with the possible exception 
of one locality in Florida w^here winter potatoes are grown It is worthy 
of note that heavily infected seed planted at fifteen different places on 
the Atlantic f'oast from Massachusetts to Florida, and at six different 
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points in Washington from F^verett southward, yielded arf absolutely 
clean crop. These and other experiences point to a very effective cli- 
matic barrier to the spread of the disease. An ideal soil for infection is 
said to be one with large pore spaces, a high humus content, a high methyl- 
j>eritosan content and large water-holding capacity. The incidence of 
the disease is not affeettxl by a pH range of *5.9 to 7.6 (Wild, 1929). 

Host Relations.- For many years the potato was supposed to be the 
only liost of Spongospora i^ubterraneo , but the discovery of galls on the 
roots, stolouMind steins of the j)otat(* led Melhus to test the susceptibilily 
of other s[)ecies fd Solaiiacea\ Of 16 species planted in contaminated 
soil, seven developed infections, and it is significant that the tomato was 
one of the susceptible varieties. Irt no ease were mature spore balls 
produced in any (»1 tlie ro(jt galls, ))Ut this was attributed to the shortness 
'of the season. Solaruini ti 'tgruniy a common weed, remained free from 
infection. 

'there se^an to be marked difTerenees in the susceptibility of different 
potato variet ies, but it is uncertain whetlicT any are immune. In planting 
tests in Maine in 1915, four named varieties and seven seedlings remained 
free from infection, and some varieties showed V(Ty slight infections, 
while others were severely affected. Since the control plantings of the 
variety, Green Mountain, showetl very wide fluctuations in the piT (uait 
of infection, it is bedieved that the variation in varietal response was not 
due entirely to resistance, but rather to the fact that the tubc'rs of certain 
varieties escaped infection. 

Control Practices, Tlu* following control practices may be empha- 
sized : 

1. Select potatoes free from the disease for seed purposes in regions 
climatically favorable for tie* disease. 

2. Avoid eontaminated land. In fields known to be infested, a long 
rotation (3 to 5 years or more) should be followed as a means of starving 
out the parasite. 

3. If contaminated land must be used, heavj^ applications of sulphur 
up to 900 pounds per acn* will very materially reduce the disease. Atten- 
tion to drainage of the land may also be beneficial. Lime should not Ixi 
used, ?ls it increases the s<'verity of the disease. 

4. Infected seed or tubers suspected of being contaminated should be 
disinfected. No treatment of infected seed has given perfect control, 
but best r(‘suUs have been obtained by using hot formaldehyde, 2 pints 
to 30 gallons of water at 46 to 50®C. for 5 minutes, or mercuric chloride, 
4 ounces to 15 gallons water at 44 to 45°(\ for 5 minutes. These treat- 
ments have given better results thnn the standard long, cold treatments 
with either formaldehyde or inercu ic chloride. 

5. Atteni ion should be given to all possible sanitary practices to guard 
against the intn/duction or spread of the disease. It should be borne in 
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mind that the •spore balls may be earned by eontaminated bags or other 
articles which have come m contact with infected tubers or with con- 
taminated soil Farm implements or contaminated manuie may habor 
the organism infeeltd tubers or panngs may be boiled and fed to hogs 
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PHYSODERMA OR BROWN SPOT OF CORN 

Phijsoderma zoi maydt^ Shaw 

This IS a disease of corn affecting both culms and loaves, and c uisuip 
spotting or blight and lodging Although it has bt'on known only i ft w 
yean in this country, it has been called by i viriety of comn on names 
such as ‘"corn measles,” ‘‘com pox,” “diopsy,' and ‘spot diseiso 
The terms “rust ^ and “Trenching” have also been incorrcctlv ipplied to 
the trouble Teosinte {Enehlcena mexicana) is the only other hosi known 
to be affected 

History Hu hrst report of the existence of t* r ilist ist in tne Ibiited States was 
made b> Barrett in 1912, but since special studies ol the troul>l( h ive directed atten 
tion to it (Vide nee has been lolkcted e^f its oeeiineiKe at j somewhat eirlicr date 
It IS known to have been present in Semth Caiolina in 1911 and the re eemt surve> b’* 
tin Department of Agraulture rciuh rs it probible that the diseahc was known to 
farmers long lieforc it itiiieted tie attention of pathologists It was noted m 
MiS'iissippi m 19H ind m 1 londa and Kansis in 1915 llio lii-st published deserip 
hon of the disease was b\ Shaw in 1912 who reported its oeeuiieme m India ihe 
disease h is smee been found to occur m C^hina, Jepin and other oriental {ountne-j 
Geographic Distribution As a lesult of a eU tailed sur\cy b\ the U S Depnit 
uient of Agriculture during the seasons of 19l(^“1918, the range of the disease is now 
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well known* The western limit of the disease is marked by a line including the south- 
eastern comer of South Dakota and extending south through Nebraska, Kansas, 
Oklahoma and Texas. The northern and eastern limits include Iowa, southeastern 
Minnesota, Illinois, Indiana, Ohio, West Virginia, Maryland, Delaware and New 
Jersey. The region of greatest prevalence extends from the northern boundaries of 
Tennessee* and North Carolina southward to the Gulf. The disease is less prevalent 
and severe west of the Mississippi and north of Tennessee and North Carolina. 


Symptoms and Effects. — The disease attacks the leaves, both blades 
and sheaths and also the culms, but is rarely seen on the out/Cr husks of 

the ear. The first evidence of the 
disease is the appearance of slightly 
bleached or yellowish spots, 1 milli- 
meter or slightly more in diameter, 
.^'hich soon become darker, and 
finally brown to reddish brown, with 
a lighter margin. Adjacent spots 
may coalesce, and they may be so 
numerous as to give the blade a rusty 
appc'arance. 

The spots on the midrib and leaf 
sheatfi are generally larger, up to 
5 millimeters in diameter, irreguj^r in 
shapi* or almost square, and gener- 
ally darker 1 han the leaf lesions. The 
infections may t)e very numerous, 
causing the isolated lesions to coalesce 
and make the entire sheath brown. 
The br(»wn coloration is due to the 
death of the host colls and the accumu- 
lation of brown spores. The fungous 
invasions are ofteii accompanied by 
more or less redder' mg of the tissues, 
which may sometimes mask the 

IOC r 1 /ui I f lesions. The lesions on the culms 

r IQ. 136. — Portion of a leaf blade of coi n 

showing the effeotH of a wverc attack by are uiost abundant at the nodes and 

physc/fitrnui zta-maydu (AfUr Ti'idale, similar tO thoSO of midribs 

Jour. Ayr, Rea. 16 , 1919 ) , , , 

and sheath 

Towards the maturing period of the host, the epidermis over the 
lesions dries# and becomes loose, where it breaks easily and exposes the 
brown spore dust, which is readily liberated. The entire parenchyma 
tissue of the invaded parts may be involved and killed, leaving only the 
veins or vascular elements, which may appear as separated threads after 
the spores are liberated. Severe infections on the leaf sheath may kill 
the leaf before the plant reaches maturity. The lower nodes of a culm 
may be completely girdled by the fungus, and so weakened that they 
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break over before they are completely mature. ‘ In severe attacks of the 
disease the spotting and death of leaves and the lodging of the stalks all 
contribute to the loss, which may be considerable Based on reduction in 
yield of gram, the most severe cases have resulted in losses up to 10 per 
cent, with a material reduction in the forage value of the stalks 

Etiology.— The disease is caused by one of the Chytndiales, which 
was described by Shaw as Physoderma zecf-maydi',, and it has been pro- 
duced artificially by spraymg healthy plants with a suspension of zoospo- 
rangia A new crop of zoosporangia developed after 2 ■wrecks The 
brown dust that appears in the older lesions consists of large numbers of 
separated spore-like bodies which behave as sporangia A considerable 



Ik. 1 is a lilf ( 3 ( U <liaKr iKi of Phy^tidaina zia-?noydt9 I aporangluiK li C 
Opening Bporanfna BhoHinK early ol zooapore formation D eoSspores or s^am 

sporeB F germinating swarm spores F suctessive stages of infettion with the develop 
meat of enlaiged cells or Sammei/ellen and connetting hbers G host cells filled witii 
mature sporangia The tontt nts of host cells ha^e been omitU'd ( Ada jded from Tisdale 
Tour igr Ren 16 , 1919 ) 

nuinbfT of (hose si>oniug;ia may occupy each host coll They are 18 t?) 24 
by 20 to provided with a thick, smooth, brown wall, slightly flattened 
on one side, which is piovided with «i circular cap or lid 1 he sf)orangia 
pass the winter in Ihe dead leinains ot infected plants or in^he soil and 
germinaie the following season They may remain as a residual soil 
contamination or be carried away by such agencies as insects running 
water, wind and by various agricuUural practices Under proper 
conditions of temperature and moisture the sporangium germinates 
There is an increase in size by absorption of water, and the lid or cap 
opens in a door-like fashion, the swarm spores are organized within the 
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escaping mass (the endosporangium) and finally break thft>ugh an apical 
papilla, and swim away. Each zoospore is 3 to 4 by 5 to*7/i, provided 
with one long polar cilium, and a comparatively large central oil globule. 
After a period of activity, a swarm spore settles down, loses its cilium, 
becomes slightly ainaboid and then germinates by the production of 
fine, fibrous hypha^ 

If the germination takes place on the surface of a susceptible host, one 
or more hyphie may penetrate the epidermal wall and then expand within 
the host qells to form special, enlarged vegetative cells called ''Saminel- 
zellen. ” These groups of enlarged cells (two or more) are always intra- 
cellular, and give rise to other slender fibers which give rise at once to 
other enlarged cells or pass into adjacent cells and there produce other 
groups of “Sammclzellen. The zoosporangia are formed direct from 
some of the enlarged cells or at the end of special hypha^ which grow out 
from them. When sporangial formation is complete, the mycelium has 
entirely disappeared and the sporangia ap^)ear to fill the dead host cells in 
which they were formed. 

Predisposing Factors. -When sporangia are present in a field and 
suitable moisture and temperature condilums pn^vail when the corn 
plants are not more than half grown, the dis(^ase is lik(4y to develop in 
severe form. The temperature factor is the most important, ;ind prob- 
ably limits the severity of the disease in its northern range and excludes 
it from other cooler regions. The zoosporangia require a mimiiium 
temperature of 23°C. for germination, and the optimum temperatun* 
seems to be about 28 to 29^C , a temperature which would be uncommon 
for night conditions in much of the corn belt. The spread of the disi'asc* 
westward is probably limited by the w'lniarid conditions which prevail 
through much of the growing period High teniperatures and abundant 
and frt'quent rains through the early growth of the corn crop furnish ideal 
conditions and explain tlie range of greatest seviTity of the* disease 

IjOW wet lands or lands near water are favorable to the disease, while 
higher well-drained lands arc less favorable, espef^nilly in s< asons ot 
moderate rainfall. Al higher mountain elevations in the South the 
diseawse may be excluded by the cool summer nights. 

•Control. -Our knowledge of control measures is very imperfect, but 
certain practices which have a bearing on the development of the disease 
may ho noted: 

1. Since the most severe cases have appeared on land cropped to corn 
for a number of years in succession, and the sporangia art' known to persist 
m the soil, crop rotation is dictated. The new corn field should be located 
as far as possible fnnn the old figld that produced a diseased crop. 

2. The removal of the plants from the field as early and as completely 
as possible would do much to lessen the supply of infective material for 
the following season. If an infected crop is fed as stover or fodder, the 
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barnyard manure should not be used to fer^ize land which is to be 
planted to *€0171. 

No indications of resistance to the disease have been noted, although 
the selection of disease-free plants offers a possibility of obtaining resistant 
strains. 
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POTATO WART 

Synchytrium endohioticum (Schilb.) Perc. 

This disease attacks the growing potato and causes the formation of 
various warty excrescences on the tubers and to a lesser extent on other 
adjacent parts. On account of its characteristic effect, the disease has 
received various common names, such as black scab, black wart, warty 
disease, cauliflow^er disease, potato canker or cancer and potato wart. 

History. — The disease was first briefly described by Schilberszky in ISDfl from 
speoiiriens from upper Hungary, but it is not supposed to occur in that countr>' now, 
although jt has been rejKirted in Silosui, Poland and Czecho-Slovakia. It was appai- 
ently known to English growers at least 12 years previous. It was fii“8t definitely 
rep>ort<‘d from Great Britain in 1902, in Germany in 190S, in Newfoundland in 1909, 
in Canada in 1912, in Norway in 1914, in the United States in 1918 and in South Afnca 
in 1920 In rh(? United wStates the disease has recently been studied by Orton and 
Kern in Pcnn.sylvania, by Kunkel and by Weiss of the U. S. Department of Agrirub 
tore, and the distribution has been determined by a 8yst.ematic survey carried out by 
the Federal Plant Disease Survey. During the last few years most of the eontribii* 
tioiLs to our knowledge of thi* dis(*a 3 e have been made by English and German w^orkers. 

Geographic Distribution.-- Wart became widespread in Newfoundland, but during 
recent years has declined due to the use of immune varieties. Due to prompt extermi- 
nation, the disease lias not spread m Canada since its first appf‘arancc. Since the 
first report of the disease from Luzerne County, Pennsylvania, in 1918, it has been 
found in several hundred gardens in three comities of eastern Penn.sylvania and in six 
counties in the wi'stern pari of the state; also in two counties of W'est Virginia iri*1919, 
and in the northwe.st corner of Maryland. The ndosted districts in Pennsylvania and 
West Virginia are nnniiig regions, w here home gardens constitute the principal culti- 
vated land. It IS fortunate that it has- not yet invaded any of the important corpmer- 
cial potato districts It seiMiis probable that the disease w^as introducjfd from Europe 
with heavy jm|X)r^ations of potatoes just previous to the enforcement of the Federal 
quarantine m 1912. The disease has now' been reported froiii the greater part of 
northwestern Eurojie, hut ha.s perhaps reached its greatest severity in portions of 
England and Scrotlann, wdiere it has become a decided factor in potato production. 
Ill Germany it is considered of little economic importance, although it is widespread 
in certain industrial districts and certain writers have been fearful that it will spread 
into agricultural ar(^a8. 
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Symptocas and Effects. — The disease attacks the tubcflrs principally 
and produces abnormal warty excrescences, which originate* at the eyes. 
These may vary from slight outgrowths barely visible to the naked eye to 
larger ones which equal the tuber in size or completely cover it and 
obscure its normal character. The outgrowths or warts are at f rst whit- 
ish or of the color of young tubers, but later become a rusty brown or 
almost black; hence the name “black wart.” The size and the character 
of the warts will vary with the severity of the infection: 

1, Slighit infections may occur as small, simple or compound nodules 
from the size of a pinhead i<> that of a pea. 



137 V^anous dfKircs of wart de'i elopinent on potato tulji'rs. McCnf^ijut 

Pa At/r Hu] 394 , VriX ) 


2 More seven' mf('(‘lions will show one or more fairly large nodular 
excrcscence.s, each one ivsulting from an abnormal coral-likt' growth of the 
spr(/dls; hence one of the common names, the '‘cauliflower disease.” 

3. In severe or advanced stages the tubers may be completely covered 
by the abnormal growth and show little or nf) resemblance to normal 
potatoes. In this stage the tuber is replaced by this irregular, ragged 
excrescence. 

4. The final and most advanced stage is shown when the affected tuber 
IS reduced to a brownish-black mass which undergoes a soft rot and gives 
off an odor of decay or dries up. 

The warts may occur on all underground parts, tuliers, stolons, stems 
and roots, being most in evidence on the tubers and least frequent on the 
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roots. Lateral shoots of the stem above ground are sometimes attacked 
and transformed into dense bunches of minute, leafy or cockVcomWike 
outgrowths, while excrescences rarely appear on leaves in contact with 
infected soil. The disease neither kills the host plant nor seriously 
affects the growth of the vines, and is generally not evident until digging 
time, although some observers report that seriously diseased plants 
remain green longer than normal ones. 

The disease may be only slightly in evidence or so serious as to cause a 
complete loss of the crop. When young tubers are severely attacked, 
their growth is checked and the whole potato betfomes involved. The 
disease not only reduces the quantity of the crop but the quality as well, 
since badly warted tubers arc unsalable, and subject to decay either in 
the ground or after they go into storage. 

Etiology. — Potato wart is caused by Synrhyfnum en d abiotic um 
(Schilb.) Perc., one of the Chytridiales. The organism was first named 
by Schilberszky in 1897 from specimens from upper Hungary and referred 
to Chrysophlyctis. In 1910, Pcrcival, an English botanist, studied 
the disease and referred the causal organism to another genus, Synchy- 
triuin of the same order, while Massee called it Synchytriurn sohnif 
thinking the organism in England distinct from the organisui described 
by Schilberszky. Various other workers have referred the wart organism 
to Chrysophlyctis but the opinion of Percival has recently been con- 
firmed by the detailed studies of Miss Curtis fl921). Cooke and others 
assigned the organism incorrectly to (Edomyces leproides Trab., which is 
another parasite bcdfmging to the same order. 

The causal cirganism of potato wan does not form a mycelium but 
remains m a simple form, consisting at first of a uninucleate prosorus in 
which nuclear divisions ensue to produc<s first, mother cells of sporangia, 
then within these zoospore iiuticds. d'he parasite is Cfuifined very largely 
to the five or six outer layers of cells of the warts, and is set free into sur- 
rounding soil by the disintegration of the tissue of the warts. In the 
matured condition of the warts the parasite is present in the form of 
sporangia (spores), which are of two kinds: thin- walled summer sporangia, 
which can germinate at once; and thic*<-walled resting sporangia, which 
only germinate after a period of dormancy 't'fie leMing sporangia aie 
globular to oval, rusty brown or dark brown, 50 to 70jd in diameter, with 
thick wall, roughened by irregular ridges. Under favorable conditions 
the contents of a sporangium organize nuiiuTous uninucleate swarm 
spores which escape to migrate through the soil moisture. •Thest" swarm 
spores are more or less pear-shaped, iiniciliato, 1.5 to 2.4/x in diameter, 
with an actively amoeboid body, while the cilium has a rotating movement 
and also acts as a rudder They behave either as swarm spores or as 
facultative gametes In a -suspension of swarm spores, certain ones 
appear to come to rest while others are still active, the active or male 
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gpmetes seeking the passive or female gametes and pairing with them 
(Kohler, 1930). If they penetrate a suitable host directly,, they repro- 
duce the summer spurangial stage and cause only a very limited epidermal 
hypertrophy. If, however, the swarm spores fuse in pairs before pene- 
tration, the. zygote develops into a resting sporangium, the effect on the 
host being to stimulate cell division. In the ab-^emr of a host both sw ina 
spores and zygute.s soon perish. 

The swarm spores after entry into the host may be found as intracellu- 
lar amu'boid l)odiea, embedd<‘d in the living cytoplasm and generally 
grouped around the nucleus. This plasmodmm increases in size until 
it nearly fills the cell and becomes surroundi'd by a thin, but distinct, wall. 
1 ho more mature plasmodia show a reticulate cytoplasm, with numeroii- 



>iti. 138. — Sertion through an older part of a wiirt ahowintr atnirture and position lA h hI 
ing sporen or Hjxiranpia { \ftir Arttschu'iwt r. Jour. Agr. Rts. 23 , ) 


minute fungous nuclei, while the nucleus of iho host coll atrophies al 
one side of the cell hut remains outside the sporangium. The details of 
the process of sporangium formation are not clear, but it is known that 
the wall of the sporangium gradually increas(\s in thickness and assumes 
the e.haracterislic color and markings of the mature si met lire, thus 
eompleting the life cycle. 

The nesting sporangia are produced in enormous numVK'rs, each 
infected crop liberal ing millions into the soil by th(‘ decay of the diseased 
tubers. Unfortunately, these sporangia may retain their jxiwer of forin- 
ing sp^ires for a pc'riod of years — according to authoritative reports for 6 
to 8 years. With continued production of potatoes on land, each 
succeeding crop may Ix'comc more heavily infected until it is no longer 
possible to prodm^c' any sound tubers. Resistant varieties seldom form 
typical proliferations. In many such cases the infection is so retarde<l 
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that the sorus does not reach the migration stage or sporangia! formation, 
thus forming the so-called “sub-mfections.” It has even been noted 
that zoospores penetrate the epidermis of young shoots of Great Scot, an 
immune variety, and develop for 2 days but then shrink and disappear. 
There is no anatomical basis for immunity, hence the behavior cited indi- 
cates that resistance is physiological. 

The rapid spread of wart is retarded by the fact that it does not seem 
to Im* carried by the wind, which is such an important agent of clisscnuna- 
tion in many other diseases. There are, however, many ^o-ys in which 
the disease-producing organism may be carried into new fields or sj^read 
from one locality to another. 

'I'lie s]>orangia in tlio soil or on the tiit>crs must he carrjtMi to oth(T soils before 
new iiifeetiuiis can be started. The sporangia may be ^^arned into clean soil by 
drainage from infested soil, by farm iinplcinents us(‘d to eultivate infested soil, on 
the ft'et of men or animals, by planting diseased tiibeis or tubers that have been 
in contact uith diseased tubers or by planting sound tnlM'rs that have grown in 
infei*.t(‘d soil, by the use of manure from animal^ to which diseased tubers have 
been fed and by garbage into which warts or peeling.'' from clisi^ased tuliers have 
been thrown Ariv agency that distributes infested soil (^r irfectcd tubers is 
sure to s])read the disease (Kimkel) 

• 

Conditions Favoring Infection. The irrfeeti(>n of the potato by wart 
IS influenced by (‘nviMnmental factors, the most important being soil 
moistiir(‘, soil ten)f>erature and soil reaction. These factors have been 
siiinmanzed by VVeiss (1925) • 

(iermination of both resting and •^oial sporangia occurs in water, and there 
IS an indispensable minimum of water for the distribution of the motile cells. If 
the soil moisture content does not at any time reach saturation, germination is 
prevent'd, but if it is constantly near saturation infection is repressed, probably 
through the reaction on the host. The most favorable condition is fvcriodic 
flooding, followed by drainage and aeration Infection may occur, if the tem- 
perature is favorable, in soil that is wet at irisutficicnt intervals to affonl a normal 
crop. 

The complete thermal range for gcrminaiion of resting spnrangi.i was not 
determimal, but infection resulted when they germinated between 10 aiKr2S®C. 
Infection from germinating soral sporangia o^'curred between nearly 0 and 30®C. 
When the soil temperature was constantly maintained, infeeti >n was limited to 
the range 12 to 2l‘'(' , but with variable soil temperature, a*' in the field, infection 
occurs when tin* mean i.s about 21®, though the upper range may be as higli as 
30°C. 

The most favorable .soil reaction is from neutral to slightly acid, the rangQ 
being from about pll 3.9 to pll S 5. jiotato tolerates somewhat greater 
alkalinity but with reduction of yichl and injury from other disea.ses. Germi- 
nation of Sporangia is accelerated by a plentiful supply of oxygon and is bettor 
in soil extract than in tap water (Esmarch, 1920). (Contrary to some rctn^rts, 
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freezing of resting spores cfoes not lead to their germination so soon as favor- 
able conditions are restored. 

Host Relations.— While the potato is the principal host of the wart 
fungus, it is known to infect several other species of the Solanace®. It 
has been reported on black nightshade (Solanum nigrum L.) and on 
bittersweet (H. dulcamara L.) by Cotton, and more recently (1918) on 
tomato by Kunkel. Solanum alatum and Hyoscyamus niger were later 
shown to be susceptible (Esmarch, 1925), while Solanum nodiflorum, 
S, viUosum vind Nicandra physaloides have been successfully inoculated 
(Martin, 1929). Of 50 varieties of tomatoes planted on infected soil, 
seven became infected as follows: Landreth's Red Rock, Maule's New 
Imperial, Success, Magnus, Carter’s Sunrise, Early Detroit and Burbank 
According to Kunkel, the warts were confined to the roots and under- 
ground portions of the stems, those on the roots being the size of a garden 
pea or somewhat smaller, while those of the stem were larger than those* 
on the roots. As a result of later studies Weiss (1925-1928) reports all 
commercial types of tomatoes susceptible but infections were on stem 
buds and young shoots, never on rofits. It is not believed that the disease 
will cause serious danger to the tomato, even in the most susceptible 
varieties, but it is of importance to know that such hosts, if planted in 
infested fields, mi^ht serve to keep the wart fungus alive from, y^'ar to 
year It seems probable that other solanaceous hosts will found, so 
that efforts should be made to exclude we eds or cultivated varieties of the 
mghtshede family from infested fields in which rotations are IxMng 
practiced for the elimination of wart 

Previous to the introduction of Ih/' wart disease into America it had 
been found in European countries that certain potato varieties were either 
very resistant or entirely immune to the disease During the season 
of 1919, Kunkel and Orton tested 29 immune lOnglish varieties, a large 
number of American commercial varieties and a number of promising 
seedlinga' developed by Stuart. This work was continued until 1923, 
when practically all American varieties had been tested and enough seed- 
lings to i.iJicate the manner in which resistance to wart is inherited. The 
F^nglish varieties remained immune under Pennsylvania conditions, while 
the American varieties were groupied as follows* (1) so badly warted that 
the crop was practically ruined; (2) varieties moderately warted but not 
so severely as to ruin the crop; (3) those so slightly warted that the dis- 
ease could hardly be said to do any appreciable damage; and (4) com- 
pletely immune varieties. Those belonging to the last class were 

Irish Cobbler, Sutton’s Flourball and Early Petoskey of the Cobbler 
group; Ehnola and Extra Early Sunlight, of the Early Michigan group; Spaulding 
No. 4 of the Rose Group; Green Mountain and Green Mountain Jr,, of the Green 
Mountain group. Round Pinkeye, of the Peach blow group; and the Keeper 
variety which has not yet been placed in any group. 
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The data* given by the above workers show •that 

The susceptibility of American potato varieties varies within vide limits. 
It is fortunate that a considerable number of varieties are immune, and it is 
e8p)ecially fortunate that among this number are to be found some of our mo^t 
important commercial varieties. But it is a regrcttal>le fact that such valuable 
sorts as the Rural New Yorker, Early Rose and American Giant should be very 
susceptible to the disease (Kunkel and Orton, 1920) 

It is significant that seven of the promising seedlings proved to b(‘ 
immune/ so that we may look forward to the development of other 
immune commercial varieties. Since the report by Kunkel and Orton 
the varieties McCormick and Burbank have been proved to be imniune 
A veiy complete list of susceptible and immune varieties of the different 
countries has been published (Foex, 1925). 

The relation of wart to potato varieties offers one of the most striking 
illustrations of complete immunity of some varieties, and varying su.<5- 
ceptibility of others, that is known among plant diseases. Immunity to 
wart is as constant a character in immune varieties as any morphological 
feature and is transmitted to the offspring in a definite manner (Salaman 
and Lesley, 1923). 

Eradication and Control Measures. — The first measure directed 
against fhis disease in the United States was the quarantine of 1912 of the 
U. S. Department of ’Agriculture, which excluded importations from 
countries in which wart was known to exist. This embargo was prompted 
by the knowledge that the wart disease had already crossed the Atlantic, 
as it was reported from Newfoundland in 1909 by Giissow. Since the 
discovery of the disease in the United States in 1918, domestic and local 
state quarantines have been put in force to check the spread of the disease 
to new localities and an extensive survey of the United States was don- 
ducted by the Federal Plant Disea.se Survey to find out how widely the 
disease had been introduced It is undoubtedly true that the disease was 
introduced directly with European importations, previous t(^ the quaran- 
tine of 1912. The knowledge of the present range of the disease, with the 
continuation of the quarantines, shouljd serve to confine the disease to the 
few localities in which it has appeared. 

The case of Sweden has been frec|uenily cited as an instance of tlic extermina- 
tion of wart in a community by prompt action immediately upon its discoveiy 
Wart was reported in Swollen in 1914, but the infested area placed under 
quarantine, the soil chemically treated and potato culture abandoned Inhere 
has l>een no recurrence of the dibea.se. In ('anada, likewise, prompt repressive 
measures put into effect following the introduction of some warted jKitatocs w hich 
were used as seed in 1912 seem to have been effective in elimination of the disease 
though in this case the prevalent culture pf immune potatoes throughout the 
area cxjK)sed to infection has doubtless been o factor (Weiss. 1924) 
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Proirism |25 results have recently been obtained by steam sterilization, 
using the inverled-pan method. It has been found that this method was 
effective in killing the fungus when a pressure of 90 pounds was employed 
85 nnnutes It would seem that this method or a modification of it 
xTijght prove effective for small infested tracts or gardens, but it is too 
evp^n&ne for general use. Resting sporangia are killed if moist in 2 5 
minutes at 100°C or in 2 hours at 60°C. Resting sporangia on tubers 
are not killed by the standard formaldehyde or mercuric chloride treat- 
ments (WeiwSS, 1928}. 

A number of treatments niakmif use of mercury bichloride, applied eithei 
alone or together with common salt to secure a greater penetration, have been 
suc^issful m ehmmatmg wart for 3 >ears The rate of application varied tiom 
gallon of a 1 l(X) '^oIutlon j>er square foot to 4 parts of bichloride, 2r) ot salt 
and oO of water, apjilied at the rate ot 1 gallon j)cr foot Othei chemicals which 
have been entirely successful in freeing the treated ground from wart for 3 years 
are Bordeaux mixture 8-8 50, gallon per foot kerosene 1 pint pei focjt lime 
sulphur, 1-12, J gallon jier foot, sodium carbonate, 2 pounds per foot, and 
sulphui, 2 to 6 ounces per foot (Weiss, 1924). 

More recent tests of soil sienhzation have been repoited (Roach 
1925, 192b, 1928, 1930; Hunt d al y 1925, Ix'mmerzahl, 1930). but the 
praeticnl difficulties of any method of soil sterilization an' so greai that 
the suco(‘ss of this method (if eoiitrol is evtieini'ly doubtful 

In localities ir which the disease is establishecT, control or previ‘nli\(‘ 
measures should be practiced In the first place it should h(‘ notc'd tlial 
disinfection of seed is ineffective, and that even the most careful M>iting 
of infected stock would not eliminate tubers showing sliglit infections nr 
bearing adherent spores The following control features may be empha- 
sized: (1) Do not use any seed stock from infected fields. (2) aiv(‘ esptMual 
altontioQ to all samtaiy measuies which will prevtuit transpniimg the 
spores of the fungus from infected to clean fields (see Condihons havoring 
Injection), (3) infested land should be cleaned as thoroughly is jinssibb' 
from all potato refuse, and should not be cropped to .-.uscejit ible vaiieties 
of potatoes for at least 8 years, and all solanaceous weeds should be kept 
out, (4) in case of desire to continue the growing of potatoes on infested 
land select the best suited immune varieties for planting, or in case of a 
small area use one of the methods of soil stenlizatioii 

ft CJin be stated as an established fact that immunity to wart is a (onskmt 
charai’ter foi several of our liest potato varieties, and that for prac'tieal purpose's 
in infested districts the culture of these varieties may be taken up and the fin'sence 
of the disease ignored (Weiss, 1924). 
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IMPORTANT DISEASES DUE TO CHYTRIDS 

Club foot of cabbtgo and other crucifers {Plasm otiioph ora brassiaB Woi.)* — 
special treatment, p. 457.) 

Powdery scab of potato (S pongospora suhterranen (WjillrJ ,U>hri > - (S«‘e spec lal treat- 
men 1, p. 467.) 

Seedling disease {Olpioi^m hrass\ca‘ Wor.) - Tins ,i (vf fal>l>aji' 

.si'edlinga by attacking the stem at or neai tlie huri'nc* it{ {]\v soil WcntoNiN, 
M ' Jakrb.f. Bot. 11: 556. 187S. Bknsandi*, M.. A species ')f Olpjcljurn 

parasitic in the roots of tomato, tobacco and cabbage Phyfopnth. 13: 451-45 1 
1923. 

Blight {Olyidiasttr radicis (de Wild.) Paschcr).- This disease attacks thi^ roots of H:t\ 
and numerous otlier hosts, causing a blight, “ I'laclisbiarid " of the Clermn/is or 
'‘brfduro du lin’ of the French, (Iuyot, A L : Contribution a 1 etude s^s- 
t(?matique et biologique de rd.s/croci/.s/ns roc/ici.s Ann Ejnpf, 13:79 93. 1927 

Bautlbtt, a. W. : Olpidimn radicicnhnn de Wild andtlie ‘hybridization nodules 
of Swedes Trans, Brit. Myc, Sor 13: 221 23S. ]92<S V \ vtbki’Ooi., T C 
Asterocystis radicis in the roots ol cereals in Savskatcliewaii. Pinfinpath 20: 
677- 680 1930. 

Potato wart (Synch iftrium » ndobioiinnn (Sctulb i Tep iS sp»*ci- ’ i r<‘iiiriH‘nl , 
p. 479 ) 

Leaf galls (Synchyinum gtohosum Sclir. :oj<1 S nn^'ftnu Sclu > 1 h. m ^pM ji>s joiid 

small leaf galls, the former on Molc't, vmUI stra\sbc‘ri\ , lilacktM rr\ ‘ind .i nuin’iM'i o‘ 
other hosts, the latter on such \vid<‘l;, separalcsl gencm as Viola, 'rnfoliiiui, 
Ulmus, and many others, ai»out 130 spesocs lining recorded as ho^ts 

Cranberry gall (Synchyirium raennv Thomas) Small, leddish g/ills .iic' ionnc'd on 
the .stems, leaves, flowers and fruits of Ihc' cranberry and other nlatc'd spesoes 
Shear, C. L. ; V. S. Dept. Ayr , Bur. Planl Ind. Hul. 110: 37 38 1907 AI.so V 

S. Dept. Agr. Bui, 268: 12, 41. 1931. 

Physoderma or brown-spot disease of corn (Phn^nderma ziip-mnytiis Shaw).- (See 
.■special treatment, p. 475.) 

Crown wart of alfalfa (Urophlychs alfalfcp (Ijagerh ) Mag ) Tlu"' diM as< charaet**!- 
izcd b> the formation of galls vnrvmg from the size of a pea to oIImts sc'vend 
inehes in diameter, Icjcated iit the liase ol the stem <si on adjaeent roots .Jono-, 
K R AND Dkkchsler, ('hahlen- Jonf Agr. B('-. 20: 29.) 323 1!)20 

Beet-root tumor (Vrophlgc^i.s leproides (Trabnt) Mag ). - In this di.-ease galls of vary- 
ing sizes arc' formed on tlu' roots, verv similar m ‘'haraeter t(» tho'i m alfalfa 
erown wart. Mac.M’s, P- On some specie** of tfie giams I rophlyttis \nn 
Bot 11: S7 -96. 1897. T'eber die m deu knolhgen Wllrz**l}nl‘^w uehsen del 

Luzerne lel)i nde rropldyet IS Ber Dentsrh Hot bVsf//> 20:291 2'Hi lt»02 
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DISEASES DUE TO THE BLACK MOLDS AND ALLIES 

ZYGOMYCETES 

The inombors of thit? group are forms with a much-branched; multi- 
nucleatO; iion-septat(‘ mycelium and reproductive vtructuros in keeping 
wdli the lerrestrinl habit which they have adopted. The hyphie arc 
fnH]ueiitly intiated or constricted rather than unifonu m diameter. 
. While the absence of cross-walls is the general rule, tlu^y are fcometimes 
formed 1o scfiaraii* voung portions of the mycelium rich in protoplasm 
from old jiarts di'void of livang coiitimts Cross-walls must also be intro- 
duced when n^productive cells are formed. lender abnormal conditions 
the mycelium of some sj^t^owM may break up into isolated cods which 
bc^havc much like yiaist cells 

Asexual Spore Formation, Hus is b> om‘ or t he ot her of t wo nuu hods 
(1) non-mot lie spot's m acaial spore cases (U’ or (2) nou-ri^otile 

spores, comdia, boim' fiee on aerial (»oni(liophor(‘s A few sp^-cio produce 
both sporangiosporcs and cfiiiidi.'i The s[)orangiophoi(‘s are sjmpl(‘ oi 
variously hranclaal, and the sporangia produce from a few to many sponvs, 
the number being indefmiti' d'he e(&hi(lH>phore<^ are also simple oi 
branchial and tlu' conidui borne singly, or in chains. Some species are 
also ablp to form chlawi/do'^pinf \ (see p. 4t)0). 

Zygospore Formation. Sexual reproduction is by the union (jf two 
Ci^ual and similar ganudes or sex cells to f(»rni a zygospore. In the forma- 
tion of a zygospoii* two hyjiha' come m contact with each otluT. A 
papilla-likc })r(»tnisj()n is formed from each h\pha at the point of contact, 
and these continiu* to grow in length to form the proaawetanqw. ICach 
progametangium cut'll off an end cell, a gameta}igfun\ containing a 
(‘(ertocgtic gamete Fhe cell waills of the two ganietangia are dissolved at 
their point of contact, the twa) gametes fuse and the product of the fuvsion 
surroun(b itself with a thick brown wall to form the zygospore, supported 
by the enlarged remaining portions of the progametangia, now called the 
suspenso) ?. A zygospore germinates by the formation of a hypha, which 
sf>on gives r*se''t() one i)r more primary sporangia. A gamete that fails 
to unite with another one may sometimes become transformed into a 
spore very similar to a true zygospore and then is called an azygospor( 

I here is no morphological differentiation between male and female 
myceha or hyphie, but it is known that physiological differences exist 
.The uniting gametes may be formed on different branches of the same 
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mycelium or they may be produced by separate inycelia. The farmer 
are the so-called homothallic types, Ihe later the hclerothallic types. The 
sex cells or gametes may be designated as plus ( + ) or minus ( — ), fusion 
occurring only when opposites come in contact. Certain species produce 
only homothallic mycelia, while others are always heterothallic, and in 
the latter case two separate strains (+ and — ) must be brought together 
upon tlie same substratum before zygospore formation can take place. 

I'wo orders of Zygomycetes are recognized: 

Entomophthorales. — The asexual spores in this order are eonidia 
only. Most of the species are parasitic upon insects,’ and cause epizootics 
of adult flies or of the larval stages of various moths (e.( 7 ., Ein})usn 
Cohn of the common house fly; Entomo'phihora fipJurrospermu Fresen on 
larvui). One species, CompMoria romplens liohde, is parasitic on the 
prothallia of ferns. ^ 

Mucorales. — iMlher coni<lia or synmingiospores are formed by species 
of this order, }jut sporangiospores are the more common Most of the 
specu^s are saprophytes or weak parasites, but a few are obligate parasites. 
Most of these are unimportant, as they are parasitic on the myceha of 
other fungi. In ttu^ seven families only two genera, Rhizopus and 
CImanephora, an' (‘f importance as furnishing parasites of crop plants, the 
former producing only sporangiospores, the latter, Inith sporangiospores 
arid conu.ha 
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RHIZOPUS DISEASES 

Hhizopus mgncavb Ehr 

The same organism is responsible for the rotting of various fruits, 
produces a soft or watery rot of tomatoes, ciio^ries and strawberries, 



Flo 139 General habit of Rhizopus I root hypha* whieh penetrate the suh- 
stratnm B aerial hypha* or siK^runjsiophorea beanriR ternimal HporaiifEin C D a ntolnri 
{Afttr SinnoU ) 


known as leak, plays a part ip cau‘-iiig leak of the Irish jHitato, causes a 
soft rot and ring rot of sweet potatoes and attacks seed and seedlings on 
the germiiiator. 

The Organism. Two type's of spores arc produeed asexual spores 
in sporangia; and sexual spores or zygospores, according to the general 
type, for the Mueoraceie 1'he development may be trac(‘d beginning 
With the asoxual spores Under suitable conditions of moisture and 
temperature these spores germinate, a hypha generally growing out ^rom 
opposite poles These hyphie sh()\\ a granular, iiehly vacuolated proto- 
nlisin, remain without cross-waifs and branch and rebranch until an 
nterlacmg tangle of mycelium is developed in the substratum Up to 
point the growth has been purely vegetative and ii» the substratum, 
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but under suitable conditions groups of erect, aerial hyphse will grow uf) 
from the substratum Some of these hyphae or stolons soon bend over, 
enlarge slightly at the end and, if they come into contact with the sub 
stratum, give rise to a cluster of branched hyphse which p^metrate the 
substratum, while other branches from the swelling grow up erect, and 
each develops a spherical globular enlargement, the sporangium y white 
at first but black as it becomes mature From the base of each cliistei 
of erect, aerial sporangiophores, one or more stolons may arise which 
grow out, strike root” and develop another group of sporangiofjihores 
This process may be repeated until the fungus has spread over th(‘ 
surface of the substratum In this typical condition the fungus becomes 
differentiated into the vegetative or root hyphse, distributive hyphse, or 
stolons, OT 1 1 be ‘lenal sporangiophores which provide for spore formation 




1 140 Diiiriiiiis (lu inelh y<i of tli (HitikUi form ition it 

khuojiu*^ n {/nrtin i i vouip'' Hpor xiiKimn B sliomnn 11 m d )iii sli vj < i Ijivor of x at 
dole oiiTltfi*in»r iIk (nliinulli ( p^howtnp oiirlv sti«t of r It i\ xl*-! /> shovviiiK tht' < op 

trution s< ijrt / < itMion oi polvlitdrU sta^t ( f M n 14, laJJ » 

Asi^ual Spurns The young sporangiophores, especially low'arcLs tht 
tr(H' ends, are tilled with deiiMdy granular protoplasm containing inan\ 
miclc 1 

Vs the vpoi Aiigiopli(»n‘ reaches a lull length it begins to swell out at th( tij 
into 'I tun round bod\ tlie future sponiigiuin Th»‘ eont^uits of this aie at firs| 
(\(nl\ (listril)uted being ecpially dense in the ceiitei and at tlu fieripluTy but 
before it has h af lad halt its Imal si/e th( protoplasm begins to be decid(*dlv d* ns( 
mwaids the sporangium wall, while in the center it is of a much looser struilure 
(Swingle loot) 

iSuinerous minute nuclei are scatteicd through both ceiitial and 
pcTiplieral orotoplasrn, but thiy an moie abundant in the peripheial 
lion The central protoplasm is of a loose spongy texture wuth many 
large vacuoles, while the peripheral portion is dense and has a few very 
minute vacuoles >Vs growth coiitiniu's the fKTipheral portum becomes 
more sharply marked off from the central vacuolated portion ?ind finally a 
cell wall IS laid down which separates the external sporangium or sporog- 
cnous fM^rtun from the central portion, which now constitutes the so- 
called (olutmlla \\ hile the columella wall is being formed, changes are 
taking place in the dense peripheral protoplasm Surface furrows or 
clefts app(*ar which cut progressively inward, and gradually the whole of 
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the* (l(‘nso sporoponous protoplasm is cut up into anglilar masses of 
variable sizes eontainiiip; two to six nuclei. These masses sbon round off, 
and ^aieh torms a surrounding spore wall Diinnu; the process of inatur- 
iiu:, the sfK^res excrete a homogeneous shm^ which tills the intersjxiral 
space's 1die speires are set free by the breaking of tlie sporangium wall, 
but theic IS no explosive mechanism. The lemnauc of the sporangium 
wall may persist aiound the base of the columella as the s(»-called coUai 
and sepaiale the columella from the expanded end, or apophysis, of the 
Mipj:K)rtmg hypha Some of the spores may remain for a time sticking to 
lh(‘ coluTiK'lla but they are ullimately scatti'red, leaving nothing but the 
old columella, which may finally become everted 

The s])oiangia are 100 to 350/^ broad, snowy white when young, but 
black when idd The cell walls of sporangiophores and of root hypha' 
are hyaline* at first but become brown or bn^wnish blaet with age* The 
spf>r(‘s are without any dc'fimte arrangemc'nt in tht sporangium, \anil)le 
m sizt', siibglobul ir or broadly oval, generilly longei than broad, (> to 17/i 
m (Inimeter, fnapiently witli one oi two blunt coiners, and the I'xteinal 
fiah -gray wall marked h^ fnu lirH"* 

Stnunl Spoti lil /zopu^ ) h('t( lolhalln* ‘-pi'Cie*-, that is, 

eertiUn myeeha are physiologicallv diltercni fiom otlier^^, althoiigli identi- 
eal in '-iiuetuK* Since they diow no inoi jihoioaie d s( \u ii (hflcrenee'- 
thc'V ma\ tK' (leMgnaied as the f>lus ( t , md minus { , sUtiiiis \\ hen 
th(* mvc(‘lium of a i)lus stian* with t h it ot ‘i minu^ ^t i iin, sexual 

spores, or ztfgo^poie.Sj an* formed in the manual desciibed ip 190) In 
the fusion of the twai g*ime1es the mieh*i aie siipp(,.^od to fusi* in pans 
ddu* mature zygospores are daik brown, gluj>ular oi snbgloliulai and 
JGO to 220iu in diameter, with ext<*inal wall cov(*n*d walh h(*inisph»*iie 
wairts or projections 

THE SOFT ROT AND RING ROT OF THE SWEET POTATO 

The soft rot and ring rot of the sw(*et potato are but diflen'iil jiliascs of 
(he same trouble caused by Rhizopu^ uupudn^s^ and ra»1 two distinel 
dis(‘ases, as was at one time supposed, dlu* forim i m aKo called mush 
rot, vinegar rot or leak, while there are tw(» phases of tf'c latter called soil 
rin^ rot and dry ring rot. 

History.- Tin* first iiuMitioii of soft rot of sweet jiotatoi's o u* to R nupicnn'^ 
was b\ Haksted (1S1)0) \1 the same tune he desenhed thi ring rot l)ii1 attrd utid 

It to an entirely diffi'rent organi'^ni, htctrin ipamatr Ilalst , his dingnosis ]»eing based 
on the (X'C’irrwneo of the pinkish fruits of this fungus on tin* ring 1 ^lons TauhcMihaus 
(1914) studieit both soft and ring rot and bhowed that the lalUr js i aUM'd lo the 
same organism as soft rot (R nigricans) and that N ipniumv Ilalst , as iiott'd tiy 
Ilalhted, was probat>lv oiih a sapropintie invidi i Tin disi'ase w.is furlhei <*on- 
bidcred by Taubenh'uis and Manns (1015) an<l also b\ Uartei, Weiiuer and Aduin.s 
(1918) in the general stinh of b\\(‘<*t-iK)tato storegi rots Jbiitu and W eiiniT have 
Binee pu))hhhed iiuineroub papeis dealing with various pliases ot R nigrtcan^s and other 
«D<‘Cica of llhiKupub v\hi(li attack sw<*ol jMitatoes in storage 
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Symptoms; and Effects. --Roots affected by soft rot become very soft 
and water soaked, and a clear liquid oozes out if the rotted tissue is 
broken. The rotted tjssue is not chanpied in color at first, but later 
Ix'comes a cinnamon i>r chocolate brown. “ It has a characteristic wild-- 
yeast odor at first, followed by a wild-rose to rose-e:eranium odor later.” 
Pressure in the bins causes the breaking of th(' skin and the watery fluid 
may leak out, making adjacent roots wet, thus indicating the pn^^ence of 
the trouble. Nothing is seen of the aerial sporangiojfliores of the fungus 
unless the rotting potatoes are exposed to a very moist atmosphere or are 
broken open. Under normal storage conditiims the humidity is p(jt 
sufficient to make the fungus fruit unless the rotted tissue is exposed by 
a break or crack. At such points the characteristic s])orangiophor( s will 
freiiuently develop in large numbers. With the evaporation of moisture 
the potato dries up, finally become^ rnnmmifiia! and in this final’ stage is 
fietiuently referred to as dry rot. Potted potatoes may become mummi- 
fied watlioul the fungus ever appearing on the surfac(‘. 

In ring rot the infection starts at one or more places betw'een th^‘ two 
(‘uds and the lesions advance around the j^otato to make bands or rings 
of rotted tissue, w^hich by drying and shrinkage become more or less 
depressed Tla se rings may be 1 or 2 iiich(‘s wide muI th(‘ affi'Ctoil tissue 
(‘xtruid inch in depth or entindy through tlie root The roltcal tissue 
of a nng is soft at first, essimtially similar to th(‘ tissiu^ of th(‘ spreading 
tyj>e of soft rot, but when the fungus ceases to advance the affected tissue 
dries out and the dry rings are the final result. 

Whil(' both soft rot and ring I’ots air [irimanly Iroubh's which develop 
in storage, they are not confined tn tlie harvc'stial crop. They may 
apjiear in the field previous to digging time, and are most prevalent in 
]ow% moist areas, in delaye<l liarvesling or when the roots hav^e bcH?n 
iiijunal in cutting the vines. Soft rot may also eau.si* trouble to the sets 
in tlie hot bed, rotting the seed pieces and injuring the young sprouts. 

Sweet })otatoes suffer v(Ty lieavily from storage roV^-', a<*cording To 
some es(irnat(‘s pSO per cent of the stored cro]) being lost. It has b(*en 
estimated that of this lo.ss nearly 20 per cent can be attributed to the 
ravages of R nigricans or other Hluzopus species which b<‘have in the 
same way. This condition seems to prevail from New Jersey to Alabajna. 
The trouble still continues to take a hea^y toll after the potatoes have 
been shijipiai to northern markers. 

Etiology. --'raubenhaus and others liave proved by pure culture 
inoculations that R. nigricans hihi., unaid(*d by any otlier fungi, can 
cause the symptoms and effects described. The fungus gains an entrance 
very largely through mecliaiiieal injuritjs of some kind. It is especially 
during the pericKl of sweating that infections are likely to occur, and 
poorly ventilated storage hoitses greatly favor the trouble, due lo the 
slow evaporation of the moisture. The rapidity of the advan(‘e of the rot 
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varies with conditions, but at room temperature a potato may be com- 
pletely rotted in 4 to 6 days. 

R. iiigncans is a fungus of very general prevalence. The spores 
may be found almost anywhere in dust and dirt. They are present in 
the field and in the storage house. Even though the storage house is free 
from them at the hH‘giniiing of the season, they will doubtless be brought 
m with the hanested crop. Some roots which were infected in the field 
will soon produce spores in the storage room and, as the rot spreads, more 
and more spores are prevalent, and, being resistant to desiccation, viable 
spores are ready tr) settle into any crack or bruise and start infections 
wlierev<^r sufRciimt moist for their germination is available. The 
rnyceliuni in (he rotted roots is rather short lived. Taubenhaus (1914) 
h;is shown that ii is generally dead after 12 to 15 days, and that various 
saprophyte's then follow^ in succession on the same substratum. This will 
explain th(' early (*rrors concerning the cause of ring rot. R. nigricanji 
is the most common s[X'(‘ies of Rhizopus found on sw^eet potatoes, but 
a number of other species are able to produce a similar rot. Harter et al. 
(1921) have determined that eight other species are parasitic on swi'et 
potatoes and that the different speeies can be roughly grouiied into 
high, in((‘nnediat(‘ and low temperature forms. The high-teinperatur<‘ 
forms thiive best at temperatures vary’ing from 20 to 40°C* ; th(‘ intcT- 
mcdiales, at temiierat ures varying fr(>m 20 to 3r)®(\; and (ihe low- 
teniperatiin' forms, at temperatures ranging from 15 to 20"(\ R. 
nigricHJif^ lM‘l()ngs to the low- temperature group, and is more Tavor(‘d by' 
the temperatures at which sweet p<»la.toes are ordinarily held. Rhizopus 
species cause rot by tlie secretion of the enzyme, pectiiiase, whieh 
dissolves the middle lamelhc of the cells and so causes their separation 

Varietal Susceptibility.- Jt had bc'en frequently noted that some 
varieties of sweet potatoes are more susceptible to Rhizopus rot than 
others. Thi^ had lieen liased largely on field observations until the work 
of Harter and Weimer (1921). Their tests of 10 commercial varieties 
showed that 1h(*y could be divided roughly into three gr(>uj)s: (1) very 
including Oold Skin, Little Stem Jersey, ICarly (Wolina, 
Florida, Red Brazil, Haiti, Yellow Belmont and Dooley (100 per cent); 
(2) intermediate, including Porto Rico, Big Stem Jersey, Triumph, 
Piersr)n, Florida and Dahomey; (3) quite resistant, Nancy Hall and 
Southern (^ueen. These tests were based on the {percent age of infection 
and on the rapidity of advance of the rot. 

Control. -The prevention of Rhizopus rots of sweet potatoes is 
inseparably connected with the control of storage diseases in general, and 
requires s|>eci;d care in harvesting, curing and storage. Imp<»rtant 
features of harvesting are: (1) Dig only when roots are well mat lin'd; 
(2) avoid frost injury before or after digging; (3) dig in warm, dry weather 
rather than in wet periods, (4) do not store wet potatoes in great bulk 
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(6) avoid lohg exposure to hot suns; (6) dig only what can be dried and 
picked up before night; (7) dig and handle with extreme care to prevent 
cutting or bruising. 

The first 10 days to ^ weeks of the storage period is marked by the 
giving* off of much moisture, amounting to 6 to 8 per cent of the original 
weight of the ropts. Prevention of rot is dependent on producing as rapid 
an evaporation of this moisture as possible, as thoroughly dry surfaces 
prevent Rhizopus or other spores from germinating. The potatoes must, 
therefore, be cured for 10 to 18 days m a well-ventilated room with a 
temperature of 75 to 80°F. Following the curing period the temperf^ture 
should be held at as near 55°F. (50 to 60°F.) as possible and the humidity 
should be held between 40 to 70, but below the higher figure', as that is 
the danger point 

'riie disinfection of seed roots with mercuric chloride is quite generally 
recommended. A similar reduction m strength occurs as in its use for 
the treatment of Irish potatoes, so if used continuously the treating 
solution soon becomes too weak to be effective. The present recommen- 
dation is based on the report of Weimer (1921). Dip in the bushel 
hampers or wooden crates in a solution of mercuric chloride, 1 ounce to 
8 gallons of water, for 10 minutes and then spread out to dry at once. 
After treating 10 bushels, add to ^2 ounce of mercuric chloride and 
restore solution to the oiiginal volume. Discard the sohiMon aftei 
treating 50 bushels. 

LEAK OF STRAWBERRIES 

Special attention has been given in recent years to the leak or soft, 
watery rot of strawberries, due to li, nigricans. It was reported as an 
iiniMirtani transportation trouble of strawd rries by F L. Stevens (1914). 
and later (1916) he stated that it is rcvsponsible for most of the los^^es to 
shipped berries. The rotting of strawberries in transit from .southern 
states has been studied in some detail by N. E Ste\ens and co-^\orkers 
(1916 and later). It has been shown that holrvtis inul Ithizopus sfX'cies 
are the most important causes of rotting of strawberries, although there 
are many other fungi which may play a part. Botrytis is the ciuise of a 
rotting in the field previous to picking, while Rhizopus w<»rks largely on 
the harvested crop, but sometimes in the field (Melchers, 1921). The 
former does not produce a wet rot, but transforms the affected berries into 
hard,* shriveled mummies. Rhizopus rots are the niost ^frequent and 
destructive or berrier shipped from the southern states, while in the New 
England states and in California, Botrytis is more fiequently the cause 
of trouble. 

S 3 rinptoms and Effects. — The berries rotted by Rhizopus soon become 
flattened, with considerable 'loss of juice, hence the appropriate name Of 
*'leak.” The evident whiskers” or aerial hyphte which appear on 
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the rotted berries are aii external indicator that the berrids are already 
pervaded by the mycelium of the fungus. Shipments from the extreme 
Sl)uth to northern markets are sometimes on the road for a week or more, 
and even fruit which appeared firm and sound at the time of picking may 
reach its destination in a badly rotted condition. 

Etiological Relations. — Stevens has shown that Rhizopus alone, with- 
out the aid of any other fungi, may give rise to all the characteristic 
S3maptoms and effects of leak. It is not necessary for Botrytis or some 
other fungi to pave the way for its entrance. It does not seem to be able 
to enter the unbroken epidermis, but in soft fruits like strawberries 'tt is 
difficult to handle them without causing bruises which are sufficiently 
numerous to serve for entrance. The hyphcs of the Rhizopus enter 
between the cells and ramify in the intercellular spaces, rarely if ever 
entering the cells. They are confined largely to the periphery of the fruit, 


1 Kf. 141 ““Strawberries slightly and severely attacked by Rhizopus nigricans, the rauao ol 
le^k. Berries held for 48 hours in moist rhainl)crs 

but may penetrate deeper if rotting takes place under rather dry condi- 
tions. While the fungus dissolves the middle lainelhe, as noted for the 
sweet p(/tato, it apparently has an effect on the protoplasm which changes 
its permeability and so allows the cell sap to eseafic into the intercellular 
spaces. 

Jt has been shown that the temperature relations and mechanical 
injuries are the most important factors influencing the amount and 
severity of the Rhizopus rot The rot develops rapidly at lemporsturee 
between 15 and 20°C^ and slowly or not at all at 10°Cb or lower. *It has 
been noted that bern^'S picked and packed when wet keep bf'tter than 
thobe picked dry, or those picked in the co(d of the morning keep better 
than those picked in the heat of tlje day. If strawberries must be washes I 
to remove sand they should be packed and shipped wet wifhout any 
attempt at drying, but washing of berries that have Ix'en picked dry is not 
to be recommended (Stevens and Chivers, 1919) These relations were 
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at first attributed to the effect of the evaporation in lowerinj? the tepipera- 
lure and so making conditions less favorable for the growth of Rhizopus, 
but the recent results of Hawkins and Sands (1920), which show that 
lowering of temperature increases the resistance of the epidermis to 
puncture or mechanical injury, are especially significant. Lowered 
temperatures mean less mechanical injury, consequently less opportunity 
for the entrance of Rhizopus. 

Control or Prevention. — Careful attention should be given to sanita- 
tion in the field and in the packing house to remove sources of infection. 
Packing house and tables should be kept clean, and cull fruit should not 
be allowed to accumulate where it will be producing crops of spores, ,but 
should be destroyed. The berries should be handled as little as possible, 
and, when liandled, the utmost care should be taken to prevent bruising. 
Advantage should be taken of the known facts concerning the tempera- 
ture relations of the rot. Bernes for shipment should be kept as cool as 
possible from the time they are picked, and should be refrigerated as 
(‘arly as possible. Delay between picking and refrigeration is sometimes 
disastrous. Even though the berries may be contaminated with Rhizo- 
pus spores, with pro{)er handling and with adequate refrigeration in 
transit (KPC.) they should reach the market in good condition. ‘^Pony’^ 
refrigerators have made loTig-dista,nce express shipments possible. 

OCCURRENCE OF RHI20PUS ON OTHER HOSTS 

The two crops considered, sweet potatoes and strawberries, suffer 
more generally and inor(‘ severely from Rhizopus rots than any others, 
but \ arious \ egciables and fruits suffer at tunes from soft rota or leak. It 
lias been shown tliat Rhizopm nigtitant, is one of the causal agents of 
if'alv or lUf ‘Iters of the Irish potato (<)rton, 1909; Hawkins, 1916), although 
anolher fungus [Pythiuw debdryanum) is more frequently associated with 
this tronlile. Apples, p(‘ars or quinces may be attacked, while plums, 
IKaiches and cherries also suffer. The WTit(‘r observed one case of severe 
Rlii/opus leak in sweed cherries which were held several days in common 
storage before shipment. Currants, raspberries, blackberries and inul- 
bernes have all been affected, in fact it seems that no soft fruits arc 
exempt Hhizofius rot (ff lomaf(K‘s has beem reported from England 
(Wormald, 1912) and fUumany (Behrens, 189H), and has been occasion- 
ally not(‘d 111 the Cmted Slates. A soft riit of the fig in Louisiana has 
desci'br‘(l by Jvdgerbjii (1911) as due to li. nigruunfi. 

Ttio troul)le occui^ diu'lly duiing rainy spells iu the summer when the fruit is 
ripening. Tlu fruit sours, })ecomeh soft and rotten and, tinally, generally fads 
to the ground. At the time the fruit falls it is g(‘neraliy so soft that it goes all 
to pieces when it strikes the ground 

Rhizopus hovS long lieen known to cause injury to germinating seeds 
(Muth, 1908), but Adams ami Ru.ssMl have recently (1920) studied the 
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Rhizopus infection of corn on the germinator and have shown that the 
fungus penetrates the' scutellum, causing a '^retarded growth, under- 
developed shoot and subnormal color of the leaves.*^ 



142 — Development HporanRioiihoreB from cut Biirlace of an apple rotted hy 
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BLOSSOM BLAST AND FRUIT ROT OF THE SQUASH 

Choaiiephora cucurhiiarum (B. & Rav.) Thax. 

This disease is characterized by a blighting of the blossoms followed by 
a rotting of the young fruit. The fungus was first described by Berkeley 
from decaying squashes from South Carolina (1875). It was reported 
from Brazil by Moller (1909), who found it on hibiscus flowers. Clinton 
reported it on squash flowers in Connecticut in 1902-1903, and it was also 
studied by Thaxter (1903). Both writers considered it parasitic on the 
squash. A recent study is by Wolf (1917), who attached importance to it 
as a disease of the squash in North Carolina, where it was found “most 
destructive on the ^pattypan ' types of summer squashes commonly known 
as cymlings.” It appears to be epiphytotic only under conditions of high 
humidity and excessive rainfall. It was noted by the writer in Texas on 
summer squashes in 1911. More recently it has been reported on chillies 
(Dastur, 1920) and as the cause of a disease of amaranth (Palm and 
Jochems, 1924). 

Symptoms and Effects. — The flowers or young fruits become covered 
with a luxuriant growth of conidiophores. They are first evident the day 
following the opening of the flowers, and at this time the conidial heads 
are white. The fructifications soon change to brown and ‘fifially to 
purplish black, and then have a peculiar metallic luster. The attacked 
tissues turn brown and Ixicome soft and apparently water soaked. Both 
staminate and pistillate flowers may be affected, and in the former the 
pedicel may also be involved. In pistillate flowers the fungus advances 
from the corolla into the yemng squash and a soft, wet rot is the result. 
In the most severe cases all of the flowers of a vine may be blighted or the 
fruits may be blighted when very young or rotted after they are partially 
grown. 

Etiology.- This trouble has been attributed to Choanephorn cucurhi- 
larurn (B. & Bav.) Thax , the causal relation being based largely on 
association rather than on inoculations with pure cultures. Infections are 
suppos(‘d to take place through the corolla. Under normal conditions the 
faded, shriveled corolla persists for some time, and under very humid con 
dilions this ofTei-s a very siiitabie substratum in which the fungus cai 
establish itself, and from which the advance can be made into the young 
delicate tissues of the developing fruits. The mycelium is both inter- 
cellular and intracellular, and produces no evidence of necrotic changes 
beyond the tissues actually invaded. The same fungus has lx;cn found 
on the faded flowers of cucumber (Cucvmifi Hativus)y rose of Sharon 
{Ilibiacus s//r7oe?/.s), scarlet hibfscus (11. cornneus)^ okra (//. cficulentu.s) 
and cotton (Goasi^pium hcrbaceum). 

The simple erect conidiophores which are produced in such profusion 
on the host parts are expanded at the tips into capitate enlargements. 
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Each head, or capitulum, produces a few to a dozen or more cylindrical 
branches, each one of which also forms a globular head, and from these the 
conidia are' formed by a budding process. The young heads are white, 
but they soon darken, and with the closely clustered conidia present a 
superficial appearance not unlike an Aspergillus. The conidia are oval to 
elliptical, longitudinally striate, light to reddish brown, 15 to 25 by 7.5 
to 1 1^, and each is provided with a delicate hyaline appendage, a portion 
of the sterigma on which it was borne. The sporangiophorcs have been 



I HJ. 148.- Choanepkora ateurhitarum. immature eonidiophorc with ramuli devel- 
opinfE on the primary vesiele; B, bud-like proeeBses, the beginning of eonidial formation 
on the eapitclluni, C, conidia, D, mature capitulum covered \Mth a layer of conidia, K, 
primary vesicle from which ramuli have been detached, F, mycelium in tissue of squash- 
flower pedicle {After Wolf, Jour. Agr. Re». 8, 1917 ) 

BludietT mostly from cultures, since they seem to be rarely produced on the 
host. The sporangia appear as pendant, white, globular structures, 
which become black at maturity and vary from 35 to 100/i in diameter. 
The sporangiospores are ovoidal or elongated, sometimes inequilateral, 
colored like the conidia and 18 to 30 by 10 to 15^. The walls are smooth, 
but provided with either lateral or terminal tufts of hair-like appendages. 
The species is heterothailic according to Blakeslee, and zygospores are 
formed in the way outlined for Rhizopus mgrtcatus They vary from 
50 to 90 m in diameter. The spores of the fungus are dmumnaled by 
the wind, but it seems probable thai insects are also very important 
carriers. Bees and the common striped and spotted cucumber beetles 
appear to be important agents, since Wolf has shown that the spores of the 
pathogene can be easily recovered by making microscopic testh of ^^Hter in 
which these insects have beem washed. 

Control. — No data are available on ^^mtrol. Since many more’blovS- 
soms arc formed than can set fruit, it seems probable that special control 
measures will not be necessary under average conditions. 
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IMPORTANT DISEASES DUB TO MUCORALES 

S<rft and ring rot .of fM>tato (Rhizopua spp.). — (See special treatment, p. 494.) 

Leak and rot {Rhizopua nigricema £hr.).— Causes a rot of various fruits, and is one of 
the causal agents of leak of Irish potatoes (see p. 450). 

Bulb rot of lily {Rhizopua neeana Massee). — ^A storage rot ^f lAUum 6pecio8eum and 
L. auralum. Massee, G.: A lily-bulb disease. Kew BuL 1897: 87. 

Boll rot of cotton {Rhizopua nodoaus). — Wallace, G. B.: Diseases of plants. Kept. 
Dept. Agr. Tanganyika Territory 1928: 40-42. 1929. 

Vegetable rot {Rhizopua fuaiformia D. k P.). — Has been shown to cause ro1 of ruta- 
bagas, carrots, cucumbers, eggplants, peppers, pumpkins, squash, onions, sweet 
potatoes and tomatoes. Dawson, M. L. and Povah, A. II. : A new Rhizopus rot 
rutabaga. Science^ n. s. 68: 112. 1928. 

Fruit decay {Mucor piriformta Fisch. and others).— Hbald, F. D. and Ruehle, (i. D. : 
The rots of Washington apples in cold storage. Wash. Agr. Exp, Sta. Bui 
253; 23-25. 1931. 

Blossom blast and fruit rot of squash {Choanephora cucurbitarum (B. & Itav ) Thax) — 
(See special treatment, p. 502.) 

Blosscmi blast of Hibiscus {Choanephora infundibulifera (Cur 'p> ) Siuc) CArey, 
F.: On a new genus of the order Mucedines. Jour. Lmu. Hoc. Bot 13 : 333-334, 
578. 1873. 

Dahlia blight {Choanephora spp.). — Burger, 0.' F • Report of the plant pathologist 
Fla. Agr. Exp. Sta. Kept. 1924: 84 113. ^1924 

Storage rot of peach {Choanephora pernicana Pkidy) —Eddy, E. D.' A storage rot of 
peaches caused by a new species of Choanephora Phytopath. 16: (K)7-610 
1925. 

Leaf mold of tobacco {Blakeslca triapora Thax.). — J ochems, S. C. J.: The occurrence' 
of Blnkealea trisf)ora Thaxter in the Dutch East Indies. Phylopath. 17: 181- 
184 1927 
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DISEASES DUE TO LEAF CURLS AND RELATED FUNGI 

EXOASCACEiE 

The leaf curls and related fungi are obligate parasites belonging to the 
primitive ascomycetous family, the Exoascacese. They attack mainly 
woody species, but one genus contains species which parasitize ferns. 
The principal hosts of economic importance are either forest or fruit trees. 
Among important forest -tree hosts the following may be noted; birch 
(Betula), alder (Alnus), oak (Quercus), poplar (Populus), iron wood 
(C’arpinus), hop hornboan (Ostrya), and hawthorn (Cratsegus). Wild 
and cultivated species of Pninus (esi^ecially peaches, plums and cherries) 
and some Pyrus species arc the noteworthy hosts among fruit trees. 

General Characters. — Both vegetative and reproductive characters 
of the family are so distinctive as to permit a icady recognition. The 
important features are (I') an abundant intercellular (with a single excep- 
tion), septate mycelium of very irregular cells, which vary greatly in 
length and diameter; (2) the production of four- to eight-spored asci in 
extensive palisade-like layers, which originate from the intercellular 
mycelium, either beneath the cuticle or under the epidermal cells (in the 
epidermal cells in species of Taphrinopsis on Pteris); and fr3) the tendency 
for ascospores to bud either in the ascus or after their discharge. In the 
case of budding of ascospores previous to their liberation, asci may appear 
to bear many ascospores instead of the limited number charactei^istic 
of most ascomycctes. 

It has recently been shown for several species that the bud-conidia 
originating from the ascospores represent plus and minus typos capable 
of fusion, certain ascospores yielding only plus and others only minus 
comdui. In the fusion a conjugation canal is formed, and the content 
of the one conidium passes into the other, after winch an infection thread 
may be formed. The extent of this behavior is uncertain, but it seems 
probable that further siudies will sIk^w it to be common. 

The effects of leaf-curl infections vary with tlic diflercnt species and 
hosts and may be summarized as follows; (1) Leaf spots with s^ght or no 
hypertrophy of the tissue; (2) discoloration and deformation of leaves or 
of extensive loaf areas, which may be blistered, crinkled, curled, arched 
or puckered with increased thickness; (3)*deformation of flower parts or 
fruits; (4) slight shoot deformation with discolored and malformed leaves; 
and (5) pronounced witches' brooms bharing inalformed leaves. In 
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moKt cases there is more or less hypertrophy, frequently accompanied by 
hyperplasia. The varying responses result from enlargement of cells, 
increase in number of cells, forcing of dormant buds, modified geotropism 
of shoots, premature or delayed development and may cause the death 
and fall of leaves, the suppression of flowering or fruiting or the killing 
back of young twigs or extensive witches’ brooms. In some species the 
infections are annual, while in others, like the broom-forming species, the 
mycelium is perennial, persisting for years in the affected twigs. 

The most characteristic feature of the family is the spreading out of 
the ascus layer over the surface of localized leaf spots or of hypertrophied 
plant organs, especially leaves or carpels, rather than the organization of 
specialized ascus fruits. 

The Genus Taphrina. — Formerly, two important genera of Exoasca- 
cea* were recognized: Exoascus and Taphrina, the former with four- to 
eight-spored asci, the latter with many-spored asci. Since the many- 
spored asci were shown to be the result of budding, this separation of the 
two g(mera was abandoned, and when other distinguishing characters 
were not found, the two were united under the single genus, Taphrina^ 
in three subgenera: 

1 Taphniiopnis, with club-shaped asci narrowed at the base; parasitic 
on ferns. 

2. Eutaphrinay with plump, cylindrical asci, more or less truncate at 
the apex; parasitic on Ament aceie, esp(‘cially birches, alders, oaks, etc. 

3. Eueaoasrusy with club-shaped to narrowly cylindrical asci more or 
less rounded at the apex; parasitic on Rosaccai, especially on species of- 
Prunus and Pyriis. 
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PEACH LEAF CURL 

Taphrina deformans (Fcl.) Tul. 

The peach and itH derivatives are affected l)y a serious fungous disease, 
the most striking effect, of which is the production of thickened curled 
leaves .of yellowish or reddish tints instead of the normal color. On 
account of this characteristic effect, it has been called peach leaf curl, 
but less frequently curl, curly leaf or leaf hM&iev .{Krduselkrankheitf 
German; Claque du pecher, French). 

History. — The le‘af curl of tin* pc'ach was known in England at least as early as 
1821, being described by an English garde rier as a type of blight called blister and curl. 
It was years afterwards liefore the parasitic nature of the disease was nTognized and 
the causal organism described by the English mycologist Berkeley in 1860. Then^ 
are rceords of the oecurrenec* of the disease in Australia as early as 185r). Various 
attempts have been made to determine the country of origin of peach leaf curl, but no 
positive in format ion has been obtained. There are some indn at ions that it came from 
China, the original home of tin* jieach, since seedlings are gi-in^rally very .susceptible 
and the Chinese Saucer pea<*h is lacking in re.si.stance T)i(‘ <liseas( must have been 
well established in European count ri<*s by ISSO, as it was givi'ii prominent considera- 
tion by scientists in (Jreiit Britain, Germany, France and It»l> about that time and 
during the years immediately following. ^ 

While Eurojiean workers understood s<iiu ‘M.ing of the iiatun* of the jiarasite and 
<h‘scrib(‘d the symptoms and effects ot the tlisease, tIu'V w'cn' nIow in devising any 
effective control measures. From the earliest work up uutd al«out 189(3 they con- 
sidered the parasite perennial in the tw'igs and buds ot 1h(‘ host a nd^recoin mended the 
destruction of diseased leaves and the cutting out of affected twigs as the only means 
of control. The first real progress in control was made by accident by California 
growers about 1880-1885, when they began using the lime, sulphur and salt solution 
for the control of San .lose scale. They found that their trees given this dormant 
spray prc\ iout to the opening of tlie buds w'cre generally free from leaf ciTrl, Expen- 
nu nts earned out by B<*nton in the orchrfrd at the Tniversitv of California in IbtHJ 
showed that winter treatment with copper sprays would also effectively control the 
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dijsease, that summer treatment was entirely ineffective and that infectioh of the spring 
growth by a perennial mycelium was the exception rather than the general rule. The 
copper treatment for leaf curl was independently discovered in Australia in 1891. 
Notwithstanding the success of Californian and Australian workers, the successful 
control of leaf curl in Europe was not recorded until 1898. Even workers in the 
eastern United States wore slow to learn about or to accept the findings of their western 
neighbors. Successful control was recorded by Taft in Michigan by 1803, but several 
years later Duggar (1899) and Murrill (1900) published bulletins from Ctirnell Univer- 
sity giving experiments on control which seemed to indicate that they were unfamiliar 
with the practices in California. A very exhaustive study of leaf curl was begun in 
1893 by Pierce of the U. S. Department of Agriculture, culminating in the publication 
of a large bulletin in 1900. This work was largely responsible for our present practices 
in control, which have been mo<lifi<'d only in minor details. 

Geographic Distribution. — The leaf curl of the peach has become practically world 
wide and is known in all countries where iieuches an* grown, although it lias not devel- 
optid in certain peach-growitig regions where climatic conditions are gemu’ally unfavor- 
able. Previous to tlie discovery of tlic succes.sfiil methods ol control, it was considered 
the most iiri])ortarit fungous disease of the peach tree, especially in the cooler (‘limat(\s. 
It has b(.on destnictive throughout Europe, parts of China and Japan, northern and 
southern Africa, Australia and to some extent in South America and New Zealand 
In America the disease has been especially serious in the Pacific Coast section, includ- 
ing peach districts from California (o British Columbia, ^^est of tlic' Cascades TIk' 
most important irrigated districts of central Washington have, however, remained tree 
fn>m the disease. East of the Rockv Mountains the diseas(‘ has bet^n most prevalent 
in the Great Lakes regions of Michigan, Ontario, Ohio, New '^'ork and adjacent t( in- 
tory. In the warm, seiniarid regions of the Houthwest it is eilla r iai( or eiitTri'ly 
unknown. 

S3rmptoms and Effects, "i’ho loaf curl affeci« Icavt's, fonder growing; 
shoots and more rarely blossoms and fniils, Imt is mosl conspicuous from 
its leaf attacks. The disease is first in (evidence very soon after I ho 
young loaves begin to unfold from the bud. d'ho disensod leave's are 
either noticeably reddened (>r paler in color than normal and become much 
curled, puckered or distortial, at the same time being greatly increased 
in thickness, and of a firm or cartilaginous consistency. Any jiorlion of a 
leaf or the entire leaf may be involved and all or only part of the leaves 
from a bud may be affected. Only a few leaves may be affected or the 
infections may be so nuinerotis as to destroy almost the entire foliage 
The bright color of the affected foliage is a striking feature of the disease, 
making the diseased trees espi'cially conspicuous. As tlio season pro- 
gresses, the red coloration becomes less pronounced, chlorophyll disap- 
pears almost entirely and a grayish bloom or powderv coaling (the spores) 
appears over the upper surface of the affected portions of the leaves. 
As might bo e?(pectcd, the transpiration of affected leaves is increased. 
After this stage, the leaves gradually turn brown, wither and fall from the 
tree in the latter part of June or early in July, the length of time reipiirod 
for defoliation depending upon the climatic conditions which prc'vail, tlu" 
process being hastened by hot, dry weather. ' Attacks of leaf curl may 
show all stages of severity from a few scattering infections to ccnnplele 
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defoliation. , Following the loss of leaves, a nev; set will be produced from 
dormant buds. 

The young terminal twigs may also be involved, being reduced in 
length, more or less swollen and pale green or yellow. In such cases the 
end of the shoot may be enlarged for a length of 4 or 5 inches. Such 
affected shoots generally produce nothing but curled leaves, and the 
majority die back, bu< in some the terminal bud may continue to grow and 
produce a healthy shoot, while the hypertrophic portion will remain as a 
rough cankered zone at its base, sometimes showing exudation of gum. 
This behavior of the disea^^e is by no mi^ans general, but is probably 
responsible for the old belief that the parasite was perennial in the twigs 



1 n. 141 —Peach kii\os affoctcd ^Mth k if < url {Pholograph by B F Daiui 


In seveie infcclions the blossoms and >oung fiuils are affected, hut 
these are blighted and fall from the tree veiy i.irly; consequently {his 
phase of the disease is frequently oveilo<>^ *'d. 

Young funis when iiifecUd lucoiue nnuh distoitiMl, owing to the portions 
hecoining greativ enlarg(‘(l fiuits sekloin remain long on th ? tree, as they 

liccoine sca])l)e(l and ciatked, and soon fall Maturing iiuits are comirumly 
attacked - this phase of the disease being more coninion than is generally recog- 
ni/ed and as a result swollen, incgiilarly ^hape<l areas usually hriglit colored, 
appear on the surtace These areas are much wrinkled, and on jx^aches ofU^ii 
aj^pear as if poh'^hed, owing to die absence *of those hairs which normally cover 
ilic surfaces (Cunningham, J923) 
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The injury from leaf curl may be summarized as follows:^ (1) the loss 
of the foliage in the spring is a heavy drain on the vitality of the trees, 
since a new crop must be produced; (2) repeated loss of foliage through a 
period of years may so lower the vitality as to cause the death of trees; 
(3) lowered vitality may reduce or entirely prevent the setting of fruit 
buds for the next year; (4) lowered vitality and prolonged growth at the 
end of the season may make the trees more likely to winter kill; (5) 
blossoms and young fruits drop because of direct attacks; (6) fruits fail 
to set or to remain on the tree because of defoliation, even when direct 
invasion dofes not occur; (7) terminal twigs arc killed back or buds are 
killed in nursery stock. The amount of injury suffered in a given ease 
will depend upon the extent and severity of the disease, and the general 
vigor of the trees previous to and following an attack. In some cases 
leaf curl appears to pave the way for more severe infections from brown 
rot (Mix, 1930). 

Losses.— Considering the various ways in which the disease causes 
injury to trees, it will be seen that an estimate of actual financial loss for 
the country as a whole is rather difficult At a time when control prac- 
tices were not well developed, Pierce (1900) estimated that the annual loss 
to the country would anuiunt to .I^IbOOOjtHK) or more. This was a con- 
servative estimate based on a detailed and extensive survey" of all parts of 
the country. With the adoption of effective spraying, the losses have 
been greatly reduced in recent >ears, but there are still many growers 
who are either ignoranj of the control practice<^ or are willing to chance 
that the disease will not be serious, li is now nearly 25 years since elec- 
tive control practie(*s have Ix'en known, but the annual loss has recently 
been estimated by the Plant Disease Survey to amount to as high as 
15 per cent in some sections. 

Etiology. — I^eaf curl caused by an obligate parasite, Taphrnta 
deformans (Pel.) Tul , a primitive sac fungus, or ascornycote, which (levf»l- 
ops an intercellular, septate mycelium within the affected parts. This 
fungus was first dc-scribed by Berkeley in 1857 as A.^rnmt/rrs defnrnKUis^ 
but was later named E.roascus defnnnans by Fuckel (1869). It was 
described by Tulasnc as Taphrtna deformayi^ in 1866 and that name is 
empl(;ycd by most curnmt writers. 

The mycelium of the fungus may be n'udily observed by making a 
dissection of affected tissue that has been treated for a few minutes in 
warm, dilute caustic jxitash, or carefully prepared sections may be used 
when detaiBof arrangement and relation to- host cells are desired. The 
mycelium is found to be quit(‘ generally present in the intercellular spaces 
of hypertrophied leaves and in the cortex of swollen twigs. Pierce has 
recognized three types: (1) Vegetative hypfKe^ the common type in the 
parenchyma tissue of leaves, leaf stalk or cortex of affected or distorted 
branches. This vegetative mycelium shows cells of very irregular form 
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and size, much curved and twisted and of varying diameter. (2) Dis- 
tributive hyphcBf the form found close beneath the epidennal cells of 
diseased twigs and very abundant in the pith. They are composed of 
more elongated cells, of rather uniform diameter, and are arranged parallel 
to the stem axis. They are supposed to be concerned primarily with 
spreading the fungus in the branch. (3) Frmhrig hyphce, the kind 
developed between the cuticle and the epidermal walls of the upper epi- 
dermis Vigorous, well-developed vegetative hyphec fill the intercellular 
spaces just below the upper epidermis of the leaf, and branches from these 
penetrate between the epidermal cells and form an extensive layer of 



I Ur ]45 — Sertion of a peach leaf affected 'with leaf cuil Asci containing ascosTXiU's 
art forming on tho upper surface, a cuticlo of leaf h bits ol nnvcplnirn of the fungus t 
young asd with spores not yet formed, d, spores just formed f spores being divided in!<» 
smaller ones / spores discharging, empty ascus. {A/Ur Su ingh Mont Agr Exp 
C irr 37, 1914 ) 

slioil, more rounded cells, the ascogenous cells, between the cuticle and 
the upper epidermal wall. These ascogenous hypha* are filled with a 
dense granular content of nutritive mateiial for the development of the 
asci The avsci are formed by upward elongations from the ascogenous 
cells, and a cross-wall is formed in each, leaving a stalk or foot portion hnd 
the terminal a?KJUs The subcutaneous and intercellular hypha* are 
binucleate Fusion takes place just prior to ascus formation. Thi5 
upward growth of the developing asci raises the cuticle and this is 
pierced or torn and disappears, leaving the asci exposed to the surface as a 
more or less continuous plush-like coating, which in section will appeal 
as a palisade-like layer. 
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The asci are usualfy flattened or somewhat truncate at the free end, 
broader above than below, and vary from 25 to 44/i long by 8 to 12/i in 
diameter. Each ascus normally forms eight spores, but the number may 
vary from three to eight. The ascospores are oval to spherical, 6 to 9fjL 
by 5 to 7/i, hyaline and surrounded by a firm but rather inconspicuous 
wall. They are forcibly expelled through an apical slit or rupture in the 
ascus and may accumulate on the surface of the leaf, giving the white or 
grayish powdery condition described in the considoTation of symptoms. 
The ascospores may form buds, and those may separate as primary 
conidia either within the asci or after they have been set free. These 
primary conidia may cont inue the budding process and develop secondary 
conidia. Copulation of plus and minus conidia has been reported 
(Woibon, 1927; Mix, 1929). In this way the fungus will produce a slow- 
growing, yeast-like, delicately pink colony on solid media, consisting of 
budding conidia, short mycelia and resting cells (Mix, 1924; Martin, 
1925). Ascospores may also germinate direct by the fonnation of stocky 
germ tubes. The exact part played by these two types of germination 
in the production of new infections is somewhat uncertain. The asco- 
spores or the conidia produced from them are borne away from the 
diseased leaves before they wither and fall and nothing more is seen 
until new infections appear in the following spring. ^ ^ 

The place of sojourn of the fungus and the form in which it j)asses the 
summer, fall and winter are uncertain, but it seems probabh^ that it 
hibernates on various tree parts to which it has been carried by the wdnd 
In whatever form it persists, it is certain that it is present in such form and 
place as to cause new infections when the buds swell in th(' spring but is 
also capable of causing less common and less serious infections after the 
unfolding of buds (Mix, 1925). This opinion is Ixioed in part on the 
following evidence: (1) Trees sprayed before the buds swell in the spring 
show little or no infection, while unsprayed trees under exactly the same 
conditions develop th(‘ disease; (2) the disease generally appears first on 
leaves just as they are unfolding from (he bud; (.S) spiaymg after the buds 
have swollen does luit prevent the disease. 

From the recent careful work of Mix (1924), the f()lk)\ving features arc 
worthy of consideration as liearing upon the life* history of the* leaf-curl 
fungus: (1) The conidia produced by the budding of the ascosporc's can 
grow saprophytically in cultures and may perhaps do so in nature; (2) the 
conidia are able to withstand desiccation sufficiently long to enable them 
to survive itmtil infection occurs in the spring; and (3) the conidia can and 
do infect young unfolding leaves as shown by inoculation experiments. 
Whether the thick-walled resting cells which appear in cultures play a 
part in nature or not is uncertain. 

It was formerly supposed that the fungus was pe‘rennial in the twigs 
and invaded the opening buds, witlumt the nece^ssity of ruiw infections 
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taking place. • While this may occasionally be triic, the success of spray- 
ing in controlling the disease, by preventing 90 to 98 per cent of the infec- 
tions, showsr that perennial mycelium plays a very minor part in the life 
of the fungus. Also, the prevalence of the disease only during cold, wet 
springs is in opposition to any general persistence of a perennial mycelium. 

Pathological Anatomy.— The first effect of the leaf-curl mycelium is to 
irritate the host cells and stimulate them to an abnormal activity. In 
the infected leaf, the cells are increased in size and number and marked 
changes in form and structure occur. This increase in size and number of 
cells IS most marked in the palisade parenchyma, and the affected cells 
suffer almost a complete loss of chlorophyll. The increase of cells on 
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Pkx. 14C. Croas-sertion through a pearh leaf affected with leaf curl along the line of 
diHc.iscd and henltliy tissue {Aftn H allaa and Whetzd, Cornell Untv. Agr. Exp. «Sfa. Bid. 
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either side of the midrib causes a pronounced gathering or cross- wrinkling, 
with the midrib acting like a puckering string. At the same time the 
affected leaves generally become more or less concave bfdow and convex 
above, since the palisade parenchyma suffers more hyperphasia than the 
spongy parenchyma. The mycelium i*^ entirely intercellular, and pro- 
duces no haustoria, or sucking org«ins, to penetrate the host cells, but dees 
come into very close physical relation to them. 

In affected shoots there is a great increase in the number and size of 
the cells of the cortical parenchyma. The cells are more angular than 
normal and show variation in the thickness of the walls. The cortex may 
be eight to ten times as thick as normal. Such affected shoots generally 
show greatly shortened internodes, with, the enlarged leaves crowded to 
give a plumed, tufted or rosette appearance. 

Predisposing Factors. — It ife perhaps fortunate that leaf curl requires 
certain conditions for its development that are not offered every season 




S14 


MANUAL^OF PLANT DISEASES 


in a given environment. It is a notable fact that the disease is epiphy- 
totic at certain periods, while during another season it m^y be almost 
entirely absent. It has been generally observed that curl is favored by 
cold, wet weather when the leaves are opening from the bud, and it has 
been' shown by careful studies of epiphytotics that their occurrence is 
dependent upon the weather conditions. IjOw temperature and wet 
weather at the critical time, when the leaves are unfolding, the time when 
the majority of infections lake place, are believed to favor the disease for 
the following reasons: (1) Transpiration is checked out of all proportion 
to* root absorption, and the leaf ti8.sue becomes gorged or distended with 
water, making it very susceptible to the fungus; (2; the growth of the host 
is retarded, while at the same time the moisture and temperature condi- 
tions are favorable for the germination and growth of the fungus. In 
some regions the absence of leaf curl is explained largely by the failure to 
have proper conditions of either moisture or tempc^rature at the normal 
infection period. 

On the other hand, the general absence of the disease from certain 
regions like the peach-growing sections of Texas and the Southwest may 
be explained on another basis It seems probable that the c(>mdia would 
not be able to withstand the devitalizing temperatures which prevail 
during the summer months. This conclusion is suggested by Jhe fact 
that conidial culljires arc “completely devitalized when kept tor a few 
flays at SO^C.” (Mix, 1921). 

The above consideration will p^haps make it clear why leaf curl is 
more likely to be severe in the neighborhood of large Inidies of water -Tor 
example, near lake shores or along river valleys. In such localities there 
is a greater humidity of the air and the lemiierature factor in the early 
spring is more likely to be favorable Rainfall alone is a minor factor, as 
may be noted in the Pacific Northwest, where the disease is severe in the 
region of heavy rainfall west of the C.aseades and also severe in certain 
localities east of the C^ascades in which the rainfall is light. Regions of 
heavy dews, but with light rainfall and early warm spnng weather, are 
unfavorable to the disease. 

Host Relationships.- Tjcaf curl is dist met i vely a disease of the peach or 
its derivatives, such as the nectarine and the peach-almond. Its occurs 
rence on the almond may b<‘ considered very exceptional. Among varie- 
ties of peaches great variations are shown m susceptibility to the disease. 
It seems Uxbe quite generally conceded that seedlings are more susceptible 
than budded trees, although many budded trees show very' high 
susceptibility. 

Pierce made a very exhausti/e study of nearly 200 varieties and came 
to the conclusion that varieties which are reported rcsistknt in one environ- 
ment may b^ sus^ptible when grown under other conditions, and this is 
substantiated by reports from other countries. Some of the best com- 
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mercial variettes seem to be very susceptible — for example, the Elbierta, a 
general favorite, and the Lovell, a favorite in California. Since it is pos- 
sible ** successfully to grow the most susceptible varieties in the most 
unfavorable situation” (Pierce) by following the accepted methods of 
control, growers should give first consideration to the selection of varieties 
otherwise suitable to their environment or to their trade and only second- 
ary consideration to their behavior with reference to leaf curl. Because 
of variation in resistance, selection should be made on the basis of regional 
experience, rather than bn reputed resistance in distant sections. 

Control. — Previous to our knowledge of the real habits of the leaf-curl 
fungus, recommendations for control were made which we now know are 
entirely ineffective (see History) It has been shown that the leaf-curl 
fungus persists on the trees in some form during the dormant period and 
that it can be reached and killed by sprays applied at that time. It has 
repc^atedly been demonstrated that the disease can be effectively con- 
trolled by a single applicat ion of fungicide- Bordeaux, copper sulphate or 
lime sulphur — previous to the swelling of the buds in the spring. The 
question may very properly be asked as to what constitutes effective con- 
trol The results obtained by a numIxT of expenrneniers may be cited: 


Expcriint'iitc'T 

i I'nspraycd, 
per cent 
leaves curled 

Sprayed, 
per cent 
leaves curled 

Murrill, 1900 

23 

0-2 5 

Wallace and Whotzel, 1909 

34 3 

2 3-6 1 

Wallace and Whetzel, 1909 

41 3 

5 3-8 3 

Wallace and Whetzel, 1909 

58 9 

0 0 

Reddick and Toan 

It) 87 

0 016 0 05 


Numerous reports from iiractical oichardists claim almost no leaf curl 
on sprayed trees and heavy infection on uns])rayeil trees No carefully 
planned exptThnents have given fadure, but some orcliardists have 
claimed that spraying did not control the disease 'bhese failures are 
undoubtedly due to lack of attention to the factors which make for success. 
These are: (1) the time of application of the fungicide; (2) thoroughness of 
application; (3) the fungicide employed. Of these three factors, the first 
two seem more likely to be the cause of failures, since good results have 
been obtained with copper sulphate, 2 pounds to 50 gallons of water, 
different strengths of Bordeaux, from 3-3-50 tv 6-6-50, and comnigrcial 
lime sulphur (Baum6 test 32°) 1-9 to 1-15. Promising results have 
recently been obtained by the use of soluble sulphur dusts (Massey and 
Fitch, 1923). 

To be successful, the fungicide selected must be applied before the 
buds begin to swell in the sprtng, as the fungus must be killed before any 
opportunities are afforded for infecMon. It was formerly thought that 
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the Bucceflfiful treat merits would be obtained only when sprayinp; was 
carrif^J out during 1 to 3 weeks previous to the opening of the buds, but 
teats carried out in Nevi York have given successful control when the 
trees were sprayf^d in either late fall or winter. Coniplete covering of 
the buds is alst> essential to suecr^s^; hence best results will be obtained 
with high pn'ssnre in dry, calm weather. 

It sliould ]>c riote<l that neith(T plain copper sulphate nor Bordeaux 
are of any value in th(‘ control of San Jose scale; hence if these insects are 
present, it will t>c advisable to use lime sulphur rather than one of the 
copper fungicides. By using lime sulphur 18 as n dormant spray, San 
Jos^ scale will controlled and leaf curl will be reduced to a negligible 
amount, by the single' afiplication. 

The final recommeTulations for control are as follows: (1) Spray enre, 
either in the late fall, early winter or in the spring before the buds start to 
ejrpand^ using the* fungieick* that is best suited to the orchard eemditieins 
which prevail; (2) spray thoremghly, that is, cover every hue! with the 
fungicide; (3) trees defoliated by leaf curl should be given the best of care 
and culture in order that they may eivercoine the drain occastoned by the 
attack. The pr()te*etive spray sheiuld (t'rtainly bo given the season 
following severe injury 

Do not spray after the leaves have ofxmed, as such an operation ha,s 
little or no effect in preventing leaf curl and may cause injury to the 
healthy foliage. 
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IMPORTANT DISEASES DJDE TO LEAF CURLS AND RELATED FUNGI 

Tapiihinopsis 

Leaf blister (Taphnna filicima Rostr ) — On fronds of At^jndiuvi and 

Dryopteri^ acrostichoidcs 

Witches* broom of Pteris {Taphnna laurenrta (lies) - Causes piofuseU branched, 
foliaceons brooin-likc clusterb on the fronds of various species of Pteris iii tlic 
Onent Laubekt, R In Sorauer s Handbuch (5tc Auf ) 2: 4i)r>-l(>0 1928 

• Eutaphhina 

Poplar-catkin disease {T johan^oni Sadtb ) 

Poplar jellow-leaf blister {Taphnna aurta (Peis ) Fries) 

Birch red-leaf blister {Taphnna bactenosperma Joh and f cnmtn loh ) 

Birch yellow-leaf blister {Taphnna flava Farl and T bitular (1 ckl ) Joh ) 

Birch witches* broom {Taphnm turgida (Rostr ) S.idc‘b and T h<tulnd\ Rostr) 

Alder -catkin disease {Taphnna aim tmanas (Kuhn) Magn and 7 amtnUa um Uodeb ) 
Alder leaf blister {Taphnna to\ qmnetii (West ) Magn and T .sadthtcku Joh ) 

Alder witches’ broom {Taphnna epiphylla Sadeb ) 

Ironwood leaf curl {Taphnna australis (Atk ) files ) 

Ironwood witches* broom {Taphnna carpini Rostr). Laubekt R In Sorauer s 
Handbuch (.5te Auf ) 2: 467 481 1928. 

Euexuascus 

Plum pockets {Taphnna pmni (lei ) Tid and T communis (Sed ) foes > - -PcTonnial 
in wild and cultivated plums causing the fruits to beeoine greath .nflated aifH 
hollow Also called ‘ bkulder plums and “fouls Hksilu L R and W hat - 
/EL, 11 II Manual ol 1 niit Ihsi use's, pp 373 377 Tlu Mu mill m Oennpuiv 
1917 SwiNout , O B AND Mokkis, H E Plum ]KHkit and h il gtll ou Anuii 
can plums Mont Ayr Ej^ Sta Hul 123: 107 JnS 191n Stak^vivn, E C 
AND Tolaas, A f f The control of brown lot of plums and plum ]K»ckets Minn 
Hort 46: 5 pp 191S Ci NNl^c.H^M, G II Leaf c uil, hi uhh i plum and c Iicita 
curl New ?jeal J<nir \qr 26: S>-97 I9.it 
Witches* broom of cherry {Taphnna cna^i (Fel ) bid » }Ii''IEu L H vno Wult- 
ZEL, II H M.iuu d of 1 nut I)i*tcii''efc, pp lSS-191 The Mu mill in f'omp.anv, 
1917 Schmitz, Henuv Some obseiv^ations on witches broom ol eherru"' 
The Plant World 19 : 239-2 12. 1910 



618 MANVAL OF PLANT DISEASES 

Chtrtj curl (Taphrina minor Sadeb.)* — Salmon, E. 8. : Cherry leaf curl, a new cherry 
disease. RepL on Economic Mycology^ S. E. Agr. CoUegCj Wye 1908: 74r-77. 
See also Cunningham, lot i/., under Plum Pockets. 

Peach leaf curl {Taphrina deformann (Fcl.) Tul.). — (See special treatment.) 

Pear* leaf blister {Taphrina htdlata (Fcl.) Tul.). — Also affects quinces. Briton- 
JoNES, H. R. : Pear leaf blister {Taphrina buUcUa TuL). Jour. Bath tk West & 
South Co. Soc. Agr. 18: 214r-215. 1924. 



Fig, 147. — Plum branch showing two normal plums and two showing the effect of the plum- 
pocket fungus (Taphrina pruni). (After Laubert.) 

Leaf blister or curl of oaks (Tnphnyta casrulescens (M. & D.) Tul.). — Wilcox, E. M.: 
A leaf curl disc'ase of osks. A la, Agr: Exp, Sta, Bui. 126 : 171-187. 1903. Mar- 

tin, E. M.: Cultural and morphological studies of some species of Taphrina. 
Phytopath. 16: 67-76. 1925. 



CHAPTER XX 


DISEASES DUE TO THE CUP FUNGI AND ALLIES 

DISCOMYCETES 

The fungi belonging to this group have no distinctive features of the 
mycelium, which is septate and generally within the substratum. . Conid- 
ial fruits may be entirely absiml or present and of various types, includ- 
ing aerial oonidiophores, conidial tufts or acervuli. The characteristic 
feature of the group is the ascigerous fruit, or asrorarp, which shows great 
diversity of form but consists of an extended layer of asn or spore sacs, 
the hymen) generally mingled with sterile hyphie, or paraphyae^i^ 
arranged in a palisade-like layer with supporting or accessory parts. 

T 3 rpes of Ascocarps. - Four general types of asms fruits may be noted 
in the groiij)* 

1. A fleshy, waxy or gelatinous body, which usually is differentiated 
into a sterile stalk bearing an expanded aseigerous portion. This fertile 
part may be club shaiied, short or long cyhndnc or irregular and the 
hymemal surface may tie smooth, wrinkled or convoluted. In a few 
fonns (Rhizina) the fruitvS are stalkless or s(*ssile Thi*- type is character- 
istic of the order Helvf Hales ^ most of winch are sajirophytic forms. 

2 A fle^hy, waxy or gelatinous laaly which is typically disk or saucer 
shaped or deeiiened to resemble a cup or vase, thu.> forming a typical 
apoihenum. The hymenmm facupies the up})(»r face of the disk or the 
inner face only of the cup or vase forms. Th(‘se apolliecia vary from 
minute, microscopic forms to fruits 6 inches or more in <liameter, and may 
tie sessile or stalkless, or raised from the substratum by a sterile stalk. 
Fruits of this kind are characteristic of the {)Tder Feziznle'-j which includes 
the typical cup fungi 

3 A fleshy or ]eather>’^ body wdnch is globular or elongated, closed at 
hrst but opening latf'r by a slit or by clefts which form star-like rays that 
turn back to expose the hymenium The fruits may Ih‘ free or sunkmi in 
a stroma and range from nucroseopic size to some 4 to fl inches in length. 
Ascocarps of this ty^x* are eharactcnstic of the onUvr rha< idiales, which 
includes some important pathogenes. 

4. A minute black body, leathery or carbonous, typically elongated 
l)oat shaped, which is free or becomes erumpent and with the maturity of 
the asci opens by a long, wide cleft to ^xp(\se the hymenium Ascigerous 
fruits of this kind are characteristic of the order Hystenales^ which fur- 
nishes a number of imixirlant pathogenes of coniferous trees. 
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In some of the simpler forms in which the development of the asdger- 
ous fruit has been studied in detail, it originates following the union of 
nuclei of multinucleate oogonia and antheridia and is thus the result of a 
sexual process. The apogamous formation of ascigerous fruits, that is, 
without I he intervention of a sexual process, occurs in many forms. 

The asci are typically cylindric or club-shaped, eight-spored and in 
many species open by a lid or operculum which separates from the tip. 
The spores are forcibly expelled at maturity, simultaneous discharge of 
numerous asci giving rise to visible clouds of spores. The spores which 
are set free' in this phenomenon of “puffing” are carried away by air 
cim'enls, and thus reach new substrata on which they may germinate. 

Classification. — "I'he following is a tabulation of the orders and families 
with the most important genera furnishing plant pathogenes: 

I. IIklvkllaleh 

1. RInzinnertv. .\sc()car|) soHsilc 

Rhizina. Ascocarp lint or orust-like with root-like outgrowths from the under 
siirfafo; sjioros oi\(*-ccllocl. liyalint' 

II, Pezizaleh 

1. lhi()tince(P Disk of apotlu'ciuin Hat, saucer, cup or vase shaped. Pendium of 
hyaline, thin-walh'd c<*lls. Spores variable. 

Sderotinia. A|K)thccia originating from either free sclorotia or from 'nummied 
fruits of the host; spores one-eolle<l, hyaline. 

Dasyscypha. Apotheeia ino.stlv sessile, disk bnglit colored, with delicate border or 
<*xeij)l(*. outside clothed with hyaline or folored hairs; spore.s hyaline, ono-celled or 
hiiidlv beeoining two-e(‘lled- 

'2 MoUi'^incvd. Ajiotlu'eia free or becoming eruiupcnt from the substratum, sessile, 
at first globose’, b(‘< <jiniMg flatteneel Periduiin mostly of dark, thick-walled cells. 
Spores one to inany-cclh'd 

Pseudopeziza. D'ld parasite's forming hnght-colorcd apotheeia on leaf spots 
during the current seasem or on overwintering leaves; apotheeia minute, breaking 
through the (*pid(’rmis; spore's one-eel k'd, hyaline. 

Pyrenopeziza. On leaves and ste'ins, forming el.irk apotheeia, otherwise similar to 
Pseuelopeziza. 

Fabraea. Similar to Psenidope'ziza, but spore's finally t\^o or more, raredy femr- 
eedleel, h valine. 

Neofabraea. Similar to Pseuelopeziza, but apotheeia form in the old eonidia- 
beanng stromata. 

Ik C\ naiU]incva'. Apotheeia iinme‘r.se’d, late, eriimpent, elark, paraphysos forming an 
epitheemin Spore's one tei m.*my-e*<'lled, hyaline or dark. 

Cenangium. S{M)r(’s evhndnc.'d to spmdh’ form, often eurved, one'-oelled, hyaline. 

III. Pil Ve'll)lALE^» 

1. Phnciihucctr. Apotlu'e-ia leatliery or earbonous, depressed, globular or elongated, 
firm, daik or black, opening b,\ rays or slits. Spores variable. 

Keithia. .Xpollieeis separate', non-stvoinatie; spores e'lhpsoid or globoid, two to 
iour-eelleel, brown. 

Coccomyces. Apntliccia ne.n-stromatie; a]x>res filiform or neeiile-like, one to 
manvH'elled, hyNlfne 
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Phacldiella. . Apothecia flat, round; spores continuous, hyaline, elliptic^ para- 
physes forming a thick epithecium. 

Trochila. Apothecia sunken and closed, later eruinpent; spores continuous, 
hyaline, elliptic to oblong. 

Rhabdocline. Apothecia elongated, subepidermal, non-stroinalic, emerging by 
a longitudinal rupture of the epidermis; spores continuous, hyaline elongated 
ellipsoid, narrowed in the middle. 

Rhytisma. Apothecia immersed in black stromata beneath the epidermis, elon- 
gated curved or round, opening by long slits; spores filamentous, or acicular, one- 
oelled, fascicled and hyaline. 


IV. Hybterialbs 

1. HypodermaiaceiB. Ajxithecia black, elongated, opening by a longitudinal slit. 

Lophodennium. Spores continuous, filiform and hyaline. 

Hypodema. Spores two-celled, cylmdncal or fusiform and hyaline, ascus 8- 

spored. 

HypodermeUa. Spores continuous, elongate to spindle form, ascus 4-8pored. 
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BROWN ROT 

Sclerotinta spp. 

Brown roi is a serious disease of stone fruits and, especially in America, 
a trouble* 'of minor consequence on the poihe fruits. In .its various 
phases in the typical development of the disease it attacks the blossoms, 
causmp; a blossom blight: the leaves ana youn^ twip;s, causing a leaf and 
twig blight: the branches, witlrtlie production of cankers; and the fruit as 
il ib approaclnng inaMinty or after it has l)een harvested, causing the 
rotted conddion vvhicli ha*=? suggested the cofiinion name of brown rot. 
One or more phases o\ the di>ease may be in evidence dunng a single 
seasim and the beiia\ior will vary more or less according 1o the environ- 
mental factors, the sjK'cies or form and the hosts involved The//w^z/ lof 
has also lieen called mold, gray rot, soft rot, ripe rot and Monilia rot, 
and the affected fruits dry up and shrivel with the formation of “mum- 
mies,'’ which hang on the tree or fall to the ground.. 

History. SiUrolinui fructiqma was first dcsonbed by IVrsoon in irt)b und^ (lie 
iiamf'oi Toi ida fruchqenairom fallen decayed fruits ol pliiiiis, peaches and pears, while 
»S niieua not recognized until lsr>l, when n'^was first desiTibed as Motnba cin(7<a 
bv honordon The economic import -ince o( blown rot was first rciogni/ed by \on 
Thumen in IS7.’ \ho found it on haif-iipe lii.it on the tiers Ills ob.servations were 
soon iiiined bs^ llalliei (lb7(>), and blossom and leaf blight of the iherry was 
reported in the United States by Ardinr m ISSG, b\ (jalloway ni 1889 and by Sorauer 
in (lerniany in 1S91. The oecurreme ot jet-black mummies of apples was hrst 
observed by W (1 Smith m England m 1SS.5 The study of E F Smith (1889) 
showed the fmpoitanec of the blossom-bliglit phase of brown rot in peache^ and iiIm) 
(he penetration of the fungus into the wood with the development of cankers Salmon 
(1910- 1914) called attention to tlje blossoni-bhght and caiiker phases of the disease on 
the apple in England and later his studies were eonhrnied and extended by Wormald 
(1917). Jehle studiwl “peach canker” m New York and attributed it to S cinerea^ 
while McCubbin (1918), working in Ontario, decided that the brown-rot fungus was 
but the initial cause of cankers which were extended bv the inroads of another fungus, 
Vnha leucodormi Following the initial observations on the various phases of the 
disease, there were numerous contributions by workervS m the various countries. 

In 1893 Schroetei recognized the aacomv^cetoub natui*e of the two species of fungi 
causing brown rot, and placeil them in the genus tSclerotinia. Woionin (1898) shqwed 
conclusively that S. fructigerta and S nnerea were distinct species, but for many years 
many other investigators did not accept hiS conclusions and referred the brown-rot 
fungus to the single species, S friictigena Again m 1908 Aderhold called attention 
to the differences in the two species, and in 1913 Mathenv showed that the American 
brown rot is S. cinerea^ anti his conclusions wi re confiniKMl by other investigators. 
The researches of Wormald, begun in 1917, have not onlv shown that S. fructigenn 
and S. aneren are distinct, but have demonstrated the existence of two fomis of S, 
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cinereay forma^ma/t and forma pruniy and recognizable^ iff errnces between Uie Euro- 
pean and Aifierican strains of S, cincrea. Worrnald’s forma nrnericana lias been 
raised to species rank by Norton and Ezekiel 

A form on apricots was named Oidium larum by Ehnmberg in 1818, but this w^as 
transferred to ^lerotinia by Aderhold and Ruhland in 1005. Wormald has-been 
unable to separate this morphologically from *S. nnerea (1921). Monilia oregonensis 
Barss anti Posey .(1923) is S. cinerea forma fvrum. 

Apothecia of brown rot were first discovered by Norton in the pt'ach and plum 
orchards of Maryland in 1902. This stage was reptjrted by Aderhold and Huhlanti in 
Europe in 1905 from mummied apples and apricots, anti descriptions we re given of the 
apothecial forms of S. fructigenoy S. cinerea and S hixn. Apothecia were first found 
in England in 1920 by Wormald, on apricots in New South Wales by liarnson in 1922 
and in New Zealand by Cunningham in 1922 The more lecent studies st'r.m to 
indicate that S. fructigena of England and the Continent does not occur in America. 
These discoveries of the apothecial stages showed (he validity of Schroeter’s refenmees 
of the Monilia forms of the lirown-rot fungi to the genus Sclerotinia. A most com- 
plete historical presentation of the brown-rot problem will be found m the senes of 
articles by Wormald (1917-1921), reccuit contributions by Roberts and Dunegan 
(1921) an<l Ezekiel (1924). 

Geographic Distribution Hrowui rot m .some form is known in jiractically all 
countrii’s of \h(' w’orld vvluTcver stone fruits are grown, luit its occurrence is limited l>y 
climatic factors. It has been epiphydolic in some seasons in Europe, America, lapan, 
Miinehiina, Australia ami N(‘W Z(‘aland and is rejairted in its conidud forms from 
South Africa. The disease lias iieeii especially Severe in the peaidi-growing districts 
of the Atlantic Coast stales from the N(*w Jersey southward. I)(‘lawar(‘, Maryland, 
AlabaiiTa and Georgia have suffered lieavy but il has ]}r(>l>ably lieen most 

descnictive in the last-incntigned slate, lit the drier regions to ihe Southw^est it has 
been absent or rare. It occurs regularly' in the' more* northern states east of the Rocky 
Mountains «ond is serious as far north as Ontario on stone fruits and occurs to some 
extent on apples. The dia(\ase is rare in California (‘xcc jit in the region of San Kran? 
CISCO Ray and a few other moist localities. It is rare or unkuovVn ni the diy sections 
of the Pacific Nortliwest e.'mt of the ('a^>c^u^es, Init is serious on ehernes, pnines and 
poaches in the hiimnl sections of w estern Oregon ami Washington. It has never been 
rejKirled from the imijortarit irrigated districts of central Washington. Tii California 
the apricot is also affected h's a green rot and twng blight due to *S'. sclerotiorum 
(Lib ) Mass., w'luch has no conidial stuge. The s<’vere development of bniwn rot 
may be exjiected in any warm, liunnd s(*ction and is most sev crf‘ in seasons of abundant 
insect infestations. I'Yiiit rot is promoted by the curculio injuries and Wormald has 
shown that the witlior-tip disease of plums m England in J916 and 1918 Was associated 
with the attacks of aphids 

Symptoms and Effects. - Under certain cemditions the direct attacks 
of the blossoms is a Very serioUvS phaw' of the disease. I'he floww parts 
turn brown prematurely and during moist weather appear soft and rot- 
ting, but under dry conditions are only withered and discolored. The 
pistil may be blighted first or the discoloration may start m the petals jind 
advance down the claws into the calyx cup. In these parts the first 
evidence of the progress of the disease may be t he appearance of brown 
or sometimes nearly black discolored areas occupying one side. As the 
disease progresses the entire calyx cup blackens and the discoloration 
may extend through all the flower parts and down into the pedicels. An 
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examination of blighting blosfloms during humid periods will frequently 
show whitish or tawny fungous tufts over the surface of the affected parts, 
and a similar development of the parasite may be induced by placing the 
blighted flowers in a moist chamber for 24 to 48 hours. Blossom blight 
is next in importance to the fruit rot as a destructive phase of this disease. 
There may be only a slight touch of the trouble in an orchard, or it may be 
so severe as completely to ruin the prospects of a crop. Light attacks of 
blossom blight are frequently overlooked, and some of the more severe 
outbreaks are sometimes attributed to other agencies. 



Flu. 148.~BloBaomH of peach bliMhteU by the brown rot fiiiiKiia (Photograph hy L\ E. 

Homy ) 


Leaf Q7id twig blight {unther tip of English wrileis) are not so common 
as the blossom blight. In the latter the infection may advance into the 
fruit spurs and cause blighting of adjacent structures, but probably the 
majority of flower infections cease to advance after the base of the flower 
pedicel has been reached. Direct attacks of young leaves or of succulent 
shoots may occur just following the blossoming jioriod. In leaf attacks 
the affected areas turn brown, no circumscribed spotting results, but the 
discoloration spreads from the point of infection until the whole leaf or an 
extended area is involved. Such affected leaves and shoots shrivel as 
they dry up and remain hanging as blighted or blasted structure^, with an 
apix'arance similar to that of frost injury. In wet seasons this phase of 
the disease may be so severe on some varieties as to give the trees the 
appearance of bcMng infested with fire blight. 
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From blighted twigs or fruit spqrs the mfect»onB may spread ihto the 
larger limbs, causing dead areas of bark, which later become more or less 
open wounds or cankers This phase of the disease is especially common 
on the peach in certain localities On this host young cankers first show 
a sinking and discoloration of the tissue beneath the bark, which is later 
followed by cracking and sphtting and more or less exudation of gum 
('alius is formed aiound the diseased area and the wound may be healed 
or the callus may be invaded and the lesion increased in extent Such 
cankeib may continue to extend for a period of years before the branch 
IS girdled or the pi ogress of the disease checked In cankers (hat aie not 
of too long standing, the remains of a fruit spur through which the patho- 
gcne entered may be found occupying a central position Brown-rot 



I i< 140 Pf irh rotted by the romnioii Ament an bro\in rot fungus with concentm riiiRb 
of ( ormlial tufti {Photograph hjj L h Hotuy) 


cankers are more frequent in Lurope than in Anierua In the former 
they arc common on cherrieb, plums -and apples, while in America 
they ha\e been fiequently observed on the peach in the eabtein United 
States and to a less extent on prunes and [X'ais in the Pacific Northwcbt 
The lotting of the fruit is the most serious and destructive pha£>e of* this 
disease Yount? fruits may be attacked at any period following? blossom- 
mg, but if they escape blossom blight, extdisive infections are not likely 
to occur until the fiuit is approaching matuiity Under dry conditions 
but little fruit rot will be noticeable in the orchaid, but the disease may 
cause much rotting in fruit that is in transit to market or is being held for 
consumption The fiist indication M the disease on the fruit is the 
appearance of a small, circular brown spot, which rapidly advances if 
warm, moist conditions prevail The rapidity of advance will be influ- 
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enced by the age of the affected fruit, being more rapid the nearer the fruit 
is to maturity, but the lesion extends until finally the whole of the fleshy 
portion is involved. In the stone fruits there may be more or less exuda- 
tion of gum, and insect injuries (curculio) through which the infection 
occurred may also be evident. The rotting spots do not become sunken 
and there is generally no shriveling until the entire fruit is rotted. A 
gradual shriveling and wrinkling follows and the affected fruit is trans- 
formed from the soft, watery, rotten condition into a dry, shriveled mass, 
a so-called ‘‘mummy,” which resists further decay. 



1 ‘iu 160 . -Peach inurnniy atid hr<ni( h Nhovciiii!; a xkiiik cankc^r c iiiitd l)> Hie growth of 
the fuiigUH do^ii the fruit iXMiifcl iJ*ho(ogra/ih hif h h Ilunut ) 

Young lesions show a .smooth unbroken epidermis, but later, when 
the lesion has extended, whitish, gray or pale-brown tufts may burst 
through the skin. The extent of this superficial development will vary 
according to moisture conditions, and the species or strain, from none 
under extremely dry conditions to a complete covering with the gray or 
tawny velvety tufts under conditions of abundant moisture. The 
decayed fruits may drop from the tree, but many remain hanging and in 
stone fruits are frequently cemented into^ clusters, which are evident 
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during the following fall and winter. Under average conditions the 
majority of the affected fruits fall to the ground, but these are also trans- 
formed into mummies, which lie on the surface or become covered with 
soil or litter. A core rot of early varieties of apples has been described 
(Dowson, 1926) due 1o S. fructigeha. In some cases there is no external 
evidence of the rot, while in others there may be a small brown sfx)! at 
either calyx or stem end. A marked deviation from the typical behavior 
as described above is to be found in certain apple infections. The fruit 
may become a jet black, and the skin assume a shiny aspect, with little 
wrinkling or reduction in size and no external evidence of the*pathogene 
This ^^Schwarzfaule” of the apple may appear in the orchard, but it Las 



f iti 151 — Normal apple and coat-blark miiriimv produeed by browi*-rot fungus. Thjs la t 

storage form of brown rot 

been found most frequently in storage. It can be distinguished from the 
true black rot {Phijsalo,spora malor um) by the following- 

Brown rot: Fruits coal black, smooth shiny, little wrinkled or reduced 
in size. 

Black rot Fruits become black from numerous minute black pustuleh 
b(*neath the skin, shrivel rapidly and LH'come inin h wrinkled and reducv‘d 
in size Fither type ol rot may be brown at first and assume the Mack 
color later. 

Losses from Brown Rot. — llie injury from brown rot is due to the 
following: (1) the blighliiig of blossoms, with conseijirent failure of 
affected trees to set fruit; (2) the blighting of leaves and twigs, with th(‘ 
loss of these as a part of the normal tree; (3) the formation of the cankers 
which may interfere w^th the life of a branch or girdle it and cause the 
death of all distal parts; and (4) the rqttmg of the fruit in the orchard or 
after harvest. Under extreme conditions blossom blight may cause 
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almost a complete failure, while a loss of one-third to two-thirds of the 
blossoms has been frequently reported for stone fruits. Unsprayed 
orchards of stone fruits are sometimes almost a total loss due to the 
rotting of the fruit in the field, while shipments which appear sound at 
packing time may reach the market in a worthless condition. The extent 
to which losses may fall upon the transportation companies, commission 
men and consumers after the fruit leaves the producer is emphasized 
by the following figures (Brooks and Fisher, 1921): 


Per Cent of Hot 



Sprayed 

Liiisprayed 

At picking 

After storage 

At picking 

After storage 

Prunes 

1 

2 5 

4 25 

16 

Prunes 

1 

2 0 

6 00 

13 

Prunes 

1 5 

7 

4 75 

28 

Uliernes 

4 


16 00 



It may be noted from those figures that the unsprayed fruit went 
down in storage more rapidly than the fruit from the sprayed orchards 


Brown rot probably causes more loss to peach growers than all other maladies 
of the peach combined, with perhaps the exception of “yellow^s/' which kMls the 
tree outright. In the South the brown rot often causes the destruction ol half 
or even practically all of the crop, and throughout the territory under considera- 
tion (United States east of Rockie.s) the annual shrinkage in >ield is perhaps 
26 to 35 per cent of the crop, representing!; a valuation of about $3,(K)0,000 to 
.S4, 000, 000. Although brown rot is always present in the peach orchards of the 
humid sections, causing a rotting of a certain proportion of the fruit, it becomes 
notably destructive only under certain Aveathcr conditions, when within a period 
of 10 days or 2 weeks it A\ill s])read so rapidly as to result in the destruction of 
jiractically the entire crop. Such disastrous outbreaks are likely to occur during 
moist, humid weather as the fruit begins to niieii The brilliant prosi>ects of the 
orchardists are thus w'ithiri a teAV day.s obliterated as if liy fire (Scott and Quaint- 
ance, 1911), 

Etiology. — Brown rot is caused by spc^cios of Sclerotinia which produce 
their conidial or Monilia stages on the various parts of the susceptible 
hosfs and an apothecial stage on the overwintered mummies. The most 
eoniplele studies of the relationship of the different fruit Sclerotinias has 
bc'en furnished by Wormald. According to this author and some more 
recent reporti^ the following gives the prt‘sent status of our knowledge. 

Srla'ottnia fruettgena (Pers.) Schr. Causes fruit rot of apples, pears, 
plums and cherries and on apple trees may produce cankers. Present in 
England and on the Continent. Not known in America. 

S, cinerea (Bon.) Schr. On apples, pears, plums, peaches, cherries 
and probably on apricots. 
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Forma mili. Produces blossom ^\i and canker disease of appi^s 
This strain is confined to Europe. 

Forma pruni. Produces fruit rot, blossom wilt or blight, wither tip 
or twig blight of plums and cherries. This strain has been definitely 
recognized as occurring in Great Britain; also on the (Continent and in 
several American localities. 

Forma laxcu On apricots only. Some doubt exists as to the apricot 
strain being distinct from pmni. 

S, americana (Worm.) N. and E. Produces the characteristic effects 
on stone and pome fruits throughout America and in Australia and New 
Zealand. This has recently been raised to the rank of a species by 
Norton and Ezekiel (1924) who propose the name S. americarui (Worm.). 
Roberts and Dunegan (1924, 1927) have called attention to the fact that 
the name of our common brown-rot fungus should be S.fructicola (Wint.) 
Rehm if it is to be raised to specific rank, since this name was first given 
to American collections, a feature which was pointed out by Pollock 
(1909). Wormald (1928) objects to S. fnicticola for S. americana because 
there is^no conclusive evidence that Winter’s description referred to 
americana. 

A form causing typical brown-rot effects on stone fruits and pears on 
the Pacific Coast described as a new species by Barss and Posey {Moniha 
oregoneneis) has been shown by Ezekiel (1924) and Wormald (1928) to 
be the same as S. cinerea forma pruni. 

Wormald does not recognize the cherry brown rot described by 
Westerdijk as distinct from S. cinerea. Monilia cinerea cerasi of sour 
cherries and Monilia cinerea avium of sweet cherries described by Killian 
(1921) are to be separated with difficulty from the forms described by 
Wormald. 

The tufts of the fungus which appear on the diseased parts under moist 
conditions are made up of groups of conidiophores, sometimes rather 
loosely aggregated but more generally formed into fairly compact pus- 
tules. The formation of the conidial tufts does not begin unt il the sub- 
stratum is well permeated by the mycelium and then may be sparse or 
lacking if the air is very dry. The conidial stages of S. Jructigena and 
S. cinerea may be recognized by the following characters (Wormald): 

ig. fructigena. Conidial pustules buff yellow, conidia average. 21 
by 13m, barren in winter or producing non-viable conidia; conidia germi- 
nate on prune juice to produce a long germ tube, 600 to 1000m, before 
branching, , 

S. cinerea. Conidial pustules gray, smaller than in fructigena y general 
average winter conidia 11.5 to 8m, summer conidia 17 to 11m; conidia 
germinate on prune juice to produce germ tube with branches while still 
short. 
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Mathaney gives the olio wing^measurements and form 6f the conidia: 

S. fructigenaf 22.1 by 11.2/*; 666 measured; form elongated ellipsoid. 

S, cinerea, 14.4 by 10.8/*; 181 measured; form more rounded 

S, cinerea americana, 14.7 by 11.9/*; 942 measured. 

The conidiophores arise as short hyph® which soon become septate at the 
extremities, branched and nodulose. The branching proceeds in an indefinite 
and usually irregular or semidichotomous fashion. From the apex of these 
branches towards the base, conidia are rapidly cut off, these cells remaining for a 
time simply moniliform or as branched chains, each constriction between the 
nodulations eventually marking the line of separation between adjacent spores 
(I>aggar). 



Fio. 162. — Apothefia of the American brown rot developed in the BjirinK from >each 
muniniie» {Pholouraph bi, E E. Honey.) 

Microconidia ranging in size from 2.55 to 3.22/* and vSpliorical in form 
were described by Woronin for both European forms, and these have 
been observed by Valleau (1915) for the American form in cultures and 
on plums. 

Dense aggregates of mycelium or sclerolia which are formed in the 
mulnmies give rise to the apothecial fruits w^hich reach maturity under 
normal conditions just about the time the host is in bloom. Tht* mum- 
mies may be on the surface of the ground and more or less covered by 
litter or buried at various depths in the soil. p]aeh mummy may produce 
from one to 20 or even more (Norton et ai., 1923) brown cup-like disks 
2 to 15 millimeters (5 to 8 millimeters general) in diameter, each raised on 
a cylindrical stalk or stipe, which is dark brown below and lighter above. 
The stipe is more or less sinuous and varies in length with the depth of the 
mummy below the surface of the soil. The average length is 0.5 to 3 
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centimeters but the formation of a single apothecium has been recorded 
from mummies 2 and 3 inches deep. The disk, which is at first cam- 
panulate, widens out until cup-shaped or even flat, and in old specimens 
may be tom and with recurved edges. The inner face of the disk is 
occupied by the hymenium or a layer of erect asci and paraphyses. Th(‘ 
asci are eight-spored, cylindrical-clavate, with an apical pore, and are 
mingled with hyaline, septate, simple or branched paraphyses with 
slightly swollen tips. The ascospores are hyaline, and uniseriately or 
subbiseriately arranged in the upper half of the ascus. The measure- 
ments given for the American form by different workers vary from 89 
to 190 by 6 to IO.Sm for the asci and 4.1 to 16.7 by 3.1 to 8.1m for the 
ascospores. 

While the asci and ascospores of the European fmcligena and the American 
form apparently correspond in size, there are differences which remain distinct 
The ascospores of the former are sharply pointed at each end and are free from 
oil droplets, while the ascospores of the latter are rounded at the ends and possess 
oil droplets (Matheny, 1913) 

It was at first b<dieved that the mummies did not produce apothecia 
until they had passed the second winter in or on the ground, but Roberts 
(April, 1921) and Ezekiel ^December, 1921) demonstrated that “under 
natural conditions apothecia may develop the spring following inocula- 
tion, Cold is probably a factor mfluencmg the production of apothecia, 
as apothecia were produced in 25 weeks from chilled mummies.” Pre- 
viously, Reade (1908) had reported that the brown-rot fungus “has been 
grown on artificial media from ascospores to ascospores again, and com- 
pletes its life cycle in 1 year.” Norton et al. (1923) report the heaviest 
production of apothecia from mummies on or close to the surface of the 
ground, while none were formed on mummies covered with 2 inches of soil. 
Their experiments have shown: 

(1) That burying hrown-rot mummies below the surface of the soil prevents 
the production of apothecia, the pitfise depth necessary doubtless varying with 
the type of soil; and (2) if such buried mummies are brought again to the surface 
of the soil, they are still able to produce apothecia the next spring 

Pollock observed the production of apothecia from 10-year-old plulri 
mummies. This behavior of mummies has an important bearing on 
control, since it must be obvious that mummies unless burie<l deeply in 
plowing will still be able to produce apothecia if the ground replowed 
and they are brought up to the surface. The opinion seems to prevail 
that mummies 2 years old or more are mi're likely to produce apothecia 
than at the end of 1 year, the conditioniS necessary being sufficient mois- 
ture, favorable temperature^ and proper aeration. More recently 
Ezekiel (1927) reports that peach mummies {S, nmericana) buried 2 
to 8 inches unejer orchard conditions disintegrate in less than 10 months 
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Bufficiently to prevem upothecial formation but that plum mummies 
are more durable. 

When the apothecia reach maturity the ascospores are forcibly 
expeUed. This phenomenon of ‘‘spore puflSng^' can be readily observed 
if fresh fruits are held in a moist chamber for a time and then exposed to 
drying or drafts of yr. A visible cloud of spores may be seen to rise from 
the surface of the hymenium due to the simultaneous explosion of numer** 
ous asci. This is the normal method by which* spores are expelled under 
natural copditions and they are. carried away by convection currents and 
the wind, lx is an effective adaptation that brings the ascospores to 
maturity and expels them just at a time when the flowers of the suscep- 
tible hosts are ready for infection. 

The source of the spores which produce the first spring infections may 
be (1) conidial tufts: (a) from fallen or hanging mummies; (b) from can- 
“kers or blighted twigs; and (2) apothecia from the mummies of the last or 
previous seasons. The first spring infections may be blossom blight or 
wilt or leaf and twig blight. Tt has been shown that the conidia of the 
common American brown rot retain their vitality during the winter even 
in regions as far north as Illinois (Conel, 1914) and Vermont (Bartram, 
1916), and a similar behavior holds for the European S. cinereay but it 
has been shown that the conidia of S. fructigena do not survi.ve winter 
conditions. 

When the fruit is half grown or over, the following are the possible 
sources of the conidia which may start the fruit rot: (1) mummied fruits 
of the previous season; (2) blossoms bhghted in the spring of the current 
year; (3). blighted leaves killed earlier in the season; (4) blighted twigs 
killed during the previous season; (5) cankers formed previous to the 
current season From one or several of these sources conidia are carried 
by the winds and rains to the developing fniits. These conidia germinate 
at once and the germ tubes enter the fruit, their penetration being facili- 
tated by other fungous lesions (scab) and by insect injuries, especially by 
eurculio. Under warm, moist conditions the mycelium develops with 
great rapidity and an infected fruit is soon completely rotted The first 
conidial tufts soon apfx^ai and more spores are formed, which wd^ be 
cgyried away to other fruits to continue the work of destruction. The 
mycelium may grow from one infected fruit into an adjacent fruit with 
which the first is in contact , and thus a whole cluster of fruits (stone fruits 
especially) may lie cemented into a mummified group. At harvest time 
spore^s may be generally prevalent in the orchard and be lodged on the 
surface of the fruit, or incipient infections may already have taken place, 
and development continue durii)g transit to market or before consump- 
tion. It is undoubtedly true that bruises made in handling such soft 
fruits as p<'aches frequently furnish the avenue for the entrance of the 
pathogene which is just tying in wait for the opportunity. 
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Predisposing Factors. —The extreme variation in the seveijty of 
brown rot in different regions and in the same*region during different 
seasons emphasizes the influence of environmental factors. Rainy 
periods with relatively low temperatures at the time of blooming art 
conducive to blossom blight, which is sometimes mistaken by orchardists 
for frost injury. 

Moisture not only favors the growth of the fungus and the production and 
germination of the spores, but it also renders tlie fruit tender and watery, and 
therefore more susceptible to rot In a dry season, or in one with only occasional 
rains of short duration, a peach crop may be expected lo reach jnaturity practi- 
cally free from rot, particularly if the weather is cool ; but when a series of cloudy 
days with frequent showers occurs about picking time, half or even all of the crop 
may be destroyed by brown rot. Prolonged cloudy, drizzly weather, even though 
the precipitation may not be great, is far more dangerous than a heavy rain 
foDowed by clearing Hot weather also favors the rapid growth of the fungus 
and increases the danger of its destroying the crop (Scott and Ayres, 1910). 

The transportation los&ea are affected very much by the temfieratures 
to which the fruit is exposed and the^'cToie by the length of time which 
elapses between packing and refngeratioix. The brown-rot fungus makes 
a relatively slow growth at temperatures of 10*^0. or lower, but a rapid 

growth at higher temperatures until the optimum is reached. 

• 

It is evident tliat in unfavorable weather success with long-distance ship- 
ments requires not only a low car temperature upon arrival destination but a 
low temperature from the tune the peaches are packed and as nuch coolness as 
possible from the time thev are picked (Brooks and (\>olev 1921) 

The brown-rot fungus apfiears to be able to enter the fruit through 
the unbroken skin Ma stomata ^'r lenlicels and, more raicly, through the 
epidermis (Curtis, 1928), but infections are facilitated by breaks or 
bruises. In the peach districts which suffer such heavy losses from brown 
rot, peach scab is generally common and the curculio is abundant 
Cracks made by this fungus or feeding or oviposit ion punctures made by 
the curculio are very common avenues of entrance. Various insects 
feeding on susceptible structures may not only make the wounds but 
possibly may be responsible for inserting the spores, although these are 
generally prevalent in brown-rot regions and would be lodged in qpen 
wounds by other means. The curculio is undoubtedly the worst offender, 
especially in sprayed fruit, since in certain tests it was found to be respon- 
sible for 9:^ per cent of the infections (Scott and Ayres, 19-10). 

Host Relations.- -Brown rot affects all stone fruits, peaches, plums, 
prunes, sour and sw^eet cherries, apricots and nectarines; also* the pome 
fruits, apples, pears and quinces. In general, it is much more serious on 
the stone fruits than on the pome fruits, and in America may be con- 
sidered one of the minor apple diseases The European brown rot (S. 
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fructigeyva) is one of the most serious apple rots in England. Recently 
S. fructigena has been described as causing rotting of 60 per cent of med- 
lars in Italy and has also been reported as the cause of rol of grapes in 
Czechoslovakia. It is suggested that this form on grapes may represent 
a new biologic form. 

Our knowledge concerning the susceptibility of varieties is still rather 
meager. Summer varieties of apples, like the Yellow Transparent and 
Chenango, are reported as very susceptible. Genet is reported as 
severely attacked in Kentucky. Cherries appear to suffer less damage 
than peaches or plums, and sweet cherries are generally reported as more 
susceptible* than sour cherries. Governor Wood and Helderman sand- 
cherry are listed as susceptible, and the Montmorency as ’•elatively 
resistant, although less so than native varieties. 

It would appear that among peaches the sorts densely covered with hairs or 
down, such as Alexander, Hills' Chile and Triumph, are unusually susceptible. 
Among the more resistant sorts are to be found the Carmen, Early Crawford. 
Elberta, Chinese Cling and some others (Duggar, 1909). 

The observations of McClintock (1921) on the prevalence of blossom 
blight of peaches is of special interest: 

Since the early varieties always blossom several days later than the late 
maturing varieties they are more liable to blossom blight because of additional 
time for the fungus to develop conidia with which to infect the blossoms. 

Blossom blight was serious only on early varieties, including Mayflower, 
Red Bird, Early Rose, Alexander, Victor and Early Carmen. Little or no blossom 
blight was observed on Carmen, Hiley, Ge^gia Belle, Elberta or Hale. 

Varietal resistance of plums has been studied by Valleau (1915) and 
he concludes that: 

Resistance is apparently correlated with (a) a thick skin; {h) the production 
of parenchymatous plugs which fill the stomatal cavity; (c) the production of 
corky walls in the lining cells of the stomatal cavity; and (d) firmness of fruit 
after ripening. There seems to be no relationship between oxidase content 
of the fruit and resistance or between tannin content and resistance. 

The most resistant of the varieties tested were an Abundance X Wolf 
18, ^Burbank X Wolf 9, Burbank X Wolf 15, South Dakota Nos. 2 and 3, 
which were probably sand-cherry hybrids, Reagan (Wayland X P. 
americana) and American Seedling No. 1. Burbank was more suscep- 
tible than Wolf, but not so susceptible as some other varieties. Abun- 
dance and Satsuma have been reported as susceptible, while Hansom, 
Clinton, Forest Rose, Indiana, Miner and Prairie Flower are listed as 
resistant varieties. Since resistance appears to be correlated with firm- 
ness, and susceptibility with a soft and tender texture, the best varieties 
are susceptible while the re^sistant varieties are of minor importance. 
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The morphological aspects of resistance ^Imve been studied more 
recently by Curtis (1928). In the case of plums having a weak cuticle ^nd 
extenlal epidermal walls, the morphology and number of stomata are of 
no great importance; but if the cuticle is resistant, then the total number 
of stomata is of more significance in measuring resistance than their 
structure. Penetration may take place even in the absence of either 
stomata or lenticels, as in the Yellow-Cherry plum. The hypoderm also 
plays a part in resistance, but contrary to Valleau the formation of 
parenchymatous plugs and stomatal lenticels is considered unimportant. 
According to Willamen (1926), sufficient evidence is now jivailable to 
warrant the use of the skin test alone in the determination of resistajice 
of plums to brown rot. 

Susceptibility to brown rot is known to increase with maturity of the 
fruit. Softening during ripening is due to the solution of the middle 
lamella?, and “the absence of the middle lamella in fruits which have 
softened owing to ripening explains the greatly increased spread of the 
disease at ripening time^^ (Valleau), since the hyphae advance entirely in 
the intercellular spaces. The idea has been prevalent that young fruits 
are more resistant because of greater acidity, but Hawkins (1915) has 
shown that the acid content of rotted peaches is greater than that of 
normal ones. 

Control.— The brown rot in Amenca is rarely of sufficient severity on 
pome fruits to justify special control measures, but in many environments 
the stone fruits must be projected in order to insure a crop. The actual 
ctmtrol practices must be suited to the environment and the phases of the 
disease that are generally prevalent In some environments the fruit rot 
will be the only phase of the disease, while in others blossom blight or 
other phases will be of frequent if not constant occurience. No single 
practice is adequate and the available control measurep may be listed 
under the following heads; 

1. Sanitary Measures— These are practices designed to remove the 
sources of spore production and so reduce the prevalence of s|K)res in the 
orchard. In the ordinary pruning operations care should be taken to 
remove all blighted tungs. If cankers arc present they should bo given 
attention, either by removing the branch which, bears them, if it can be 
sacrificed without serious detriment to the tree, or by treatment, if on 
large limbs. In the latter case they should be cleaned out by the removal 
of all the diseased wood and bark a short distance beyond any evidence of 
diseased or discolored tissue, and after drying of the wound a coating of 
coal or gas tar should be applied as a waterproofing and a disinfectant 
(Jehle, 1914). The removal of short fruit spurs on large limbs is'also 
advisable, as infections on these are \ery frequcfntly responsible for the 
initiation of cankers. Trees which have a dense head should be pruned 
by thinning out rather than* heading beck, since an open growth gives a 
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better 'circulation of the<air and penetration of sunlight, which will facili- 
tate rapid drying of moisture and lessen the chances of infections. Thin- 
ning of fruit clusters k also of value, and all mummied fruit that appears 
on the trees should be removed and destroyed. In some localities 

Growers have made it a practice to patrol the orchard during the summer, 
examining each tree and knocking out all brown-rot clusters with a long pole 
provided at the top with a hook. This decayed fruit and any that may have 
dropped of its own accord is collected and destroyed (Barss, 1923). 

It would seem that this would be a better practice than allowing the 
clusters of mummies to remain until regular winter pruning. Some 
orchardists make a practice of raking up and rem^'ving all fallen fruit 
from the orchard either just ahead of the pickers or after the harvesting 
has been completed. This is of value for brown rot alone, and is doubly 
valuable in those regions where the curculio is an important factor, but in 
such cases should be begun early when dropped fruit is still small. 

The beat way to destroy these fallen peaches is by burying deeply with quick- 
lime. Thcy^ should be placed at least 24 inches below the surface. Growers 
have found a long trench that can be extended from time to time useful for the 
destruction of the ^Mrops.” The ‘^drops^* should be covered with soil after the 
quick lime has been added {U, S. Dept. Agr. Circ. 216) 

In case of brown rot alone, the lime is not necessary and fruit bfiried 
3 inches below the surface will never be a source of danger. 

2, Cultural Practices . — Plowing and harrowing an» of great value in the control 
of brown rot. Fruit that is deeply buried is not likely to profluce apothecia. 
Harrowing in the early spring and during the hlobsoming season is likely to 
disturb the partly formed apothecia and prevent their development. Orchards 
that are not plowed or ciilti\^ated until after the blossoming sea.son, as is fre- 
quently the practice, usually have an abundance of apothecia, while those that 
are plowed or cultivated before th:it time are usually practically free from them, 
except in the tree rows or other unplowcd areas. Orchards free from apothecia, 
made so through cultivation or otherwise, have been found to be free from blossom 
infection and usually relatively free from brown rot (Fisher and Brooks, 1924). 

The above statement applies to the prune orchards of the Pacific 
Northwest, where the apothecia seem to be a most important source of 
the early infections, and it probably holds for other sections also (Ezekiel, 
1926). When plowing and cultivating are consistent with the horti- 
cultural demands of an environment, they will undoubtedly be of value. 

3. Spraying or Dusting . — In regions of severe infestation, spraying or 
dusting must be a regular practice as an insurance, but the number of 
applications of fungicide and the formula used should be varied to suit 
local conditions. The following applications have been recommended: 

a. Before the blossom buds burst or come into bloom (the bud spray) ; 
fungicide alone. 
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6. When most of the petals have fallen (calyy spray); funf;icide plus 
insecticide for curculio if present. 

c. When calyces or shucks” are shedding or as soon as shed; fungi- 
cide plus insecticide (shuck spray). 

d. About 2 weeks after the shuck spray; fungicide plus insecticide. 

e. The last applic^ation has been varied from 1 month to 2 or 3 weeks 

before ripening (fruit spray) ; fungicide plus insecticide. In some regions 
when the fruit spray is given 1 month before ripening, additional pro- 
tection of the market product is afforded by a dusting with sulphur 10 
days before harvest. » 

When blossom and leaf and twig blight arc not of corsequence, the 
spraj^ing may be begun with applicalion b and the fungicide used only in 
the last two applications. The recommendation for prunes and cherries 
in the Pacific Northwest omits application d and the insecticide, since 
curculio is not present. 

Control ni brown rot is inseparably connected with curculio cfintrol 
when that insect is presonl. One pound of powdered arsenate of lead to 
each 50 gallons of water is to be used whenever an insecticide is indicated 
or 5 per cent of arsenate of lead if the dust formula is employed. 

The following liquid fungicides have l)een recommended: (a) Bor- 
deaux, 4 4 50, or sometimes 3 4 50, 2-3 50 or ^^2 ^0: (b) lime 
sulphur, 1 to 50; (c) self-boiled lime sidnluir, N 8 -50 or some other sulphur 
fungicide. Since its first introduction (Farley, 1923) dry-mix sulphur 
lime has been very commonly used, especially for peaches, since it is 
much easier to prepare than self-boiled lime sulphur and also can be used 
without injury to fruit or foliage. For pnines (o), (b) or (r) may be used; 
for cherries, (a) or (6), but not self -boiled lime sulphur on swe'ct cherries 
because of its dwarfing effect; for peach and Japanese plums use only 
(c); for apricots (a), the weaker strength, or (b). Under (hilifornia 
•conditions self-boiled lime sulphur, if used after the fruit had set, caused 
pronounced dwarfing of apricots. 

The results with dusting have been somewhat variable, but dusting 
has been used mostly for peaches. In some cases dusting has given better 
fruit than spraying. The most generally recommended formula is 80 
per cent dusting sulphur, 5 per cent arsenate of lead and 15 per cent 
hydrated lime. 

References 

Von ThiJmen, F.: Der Grind odor Schiminel des Obstos, Oidium fniciigenum. O^terr. 

Landw. Wochenhlatt. pp. 41-48. 1875. 

Hallier, E.: Ein Pilzkrankheit dee Steinobstes. Wiener Obsi- und OaHenztg.^ p. 

1272. 1876. 

PscK, C. H.: Oidium frucligenum Knz. and fjehm., fruit Oidium. N, Y, Siale Mus. 

Nat, Hist. Ann. Rept. 34 : 34-36. 1880. 

Arthur, J. C.: Rotting of cherries and plums., Oidium fruciigenum 8. and K. N. Y. 

SUiie Aar* Exp. Sta. Ann. Rept. 4: 280-285. 1886. 



638 MANUAL OF PLANT DISEASES 

Galloway, B, T.: Brown rot of the cherry, Monilia frtictigena Pers, 17. S. Dept. 
Agr. Rept. 1888; 349-J52. 1888. 

Smith, Erwin F.: Peach rot and peach blight {Monilia frncligena Pereoon), Jour. 
Myc. 5; 123-134. 1899. 

HtTMPHRiCY, J. C.: On Monilia fructigena. Bot. Oaz. 18: 85-93. 1893. 

Wbhmer, C.: Monilia*fructigena Pers. {Sclerotinia Jructigerha) iind die Monilia Krank- 
heit der Obstbaume. Ber. Deui. Bot. Gea. 16: 298-307. 1898. 

WoRONlN, M.: Ueber Scleroiinia cinerea and Sclerotinia fructigena. MSm. de VAcad. 

Imp. d. Sci. de St. Petersburg^ VIII e-S^r. 10 (5) : 1-38. 1889. 

SoRAUBR, P.: Erkrankungsf&lle durch Monilia. Zeitsrhr. Pflanzenkr. 9: 225-235. 
1889. 

Quaintanci^, a. L. : The brown rot of peaches, plums and other fruita Ga Agr. 
Exp. Sta. Bui 60: 237-269. 1900. 

Norton, J. B. S. : Scleroiinia fructigena. Trana. Acad. Sn. St. Ijouis 12: 91-97 
1902. 

Aderhold, R.: Ueber cine vermuthliche zu Mon ilia fructigena Pers. gehonge Sclero- 
tinia. Ber. Deui. Bot. Ges. 22 : 262-266. 1904. 

UND Rciiland, W : Zur Kentniss der Ohstbaum-Sklerotinieii Arb. Hint 

Aht.y London. Farsi, Kniserl Gesundhciisaintc 4: 427-442. 1C05. 

Heald. F. D ; The Mack rol applet due to Sderotini a fructigena. N(h. Agr Exp. 
Sta. Rcpt. 19: 82-91 1906 

Molz, E : Teber die Bf-diagunijen der giststehung der dureh SclerohntQ fruchgcna 
erzeugten “Selnvarzfatife •* c/cr AFfcl. Centralbl. Baki. v. Par ^ 11 Abt 17: 
175-188. 1907. 

PoLliOCK, J B. : Note.s on plant pathology Muh Acad Sci Rept 11:48 M 1908 
SroTT, W ISl. AND A\res, T W . The control of peach brown rot and scjil) U iV 
Dept. Agr Bur PI J nd Bui 174: I 31 1010 

AND Quaint A L : SpraMiig peaebe.s for th(‘ eoritrol of brown rot, sear) ana 

curetilio U S Dept. Agr., Fortneys' Bui 440:1 40 1911 

Ewert, R.: V'ersehie<lene Uberwinterung der Monilien dea Kern- and Steinobstet* and 
ihre biologische Bedeutang. Zextsthr, Pflanzcnki 22:6.3 86 1912 

VocJEs, E. : Ueber Moniha-Erkrankuiig der Obatbfiume Zcitschr. Pflanzenkr 22; 
86-105. 1912. 

Jehle, R. a : Tlie brown-rot canker of the peach. Phytopath. 3: 105 110 1913 

Matheny, W. A.; A eoinparison of the American brown-rot fungus with Sclerotinia 
fructigena and S, cinerea of Europe. Bot Gaz, 66: 418-432. 1913 

Salmon, E. S.: The brown-rot canker of the apple. Jour. S. E. Agr. College, Wye, 
22 : 446-449. 1913. 

UoNEL, J. L.: A study of the brown-rot fungus in the vicinity of Uhampaign and 
Urbana, Illinois. Phytopath. 4; 93-102 1914. 

CooLEV, J. S. : A study of the physiological relations of Sclerotmia cinerea (Bon.) 

Sehrot. Ann. Mo. Bot. Gard. 1: 291-326. 1914 

.Jehle, R. A.: Poach cankers and their treatment. Cornell Agr. Exp. Sta Circ ^ 
26:53-64. 1914. 

Valleau, W. D. : Varietal resistance of plums to brown rot Jour. Agr. Res. 6: 
365-395. 1915. 

Hawkins, T^. Some effects of the brown-rot fungus on the composition of the 
peach. Amer. Jour. Bot. 2: 71-81. 191.5. 

Healo, F. D.: Brown rot of stone fniits Wash. Agr. 8: 6 pp. 1915. 

Bartram, H. E.: A study of the brown-rot fungus in Northern Vennont. Phytopath. 
6:71-78 1916. 

Brooks, C. and Fisher, D. F.: Brown rot of prunes and clierries in the Pacific 
Northwest. U. S. Dept Agr. Bui 368: 1- 10 1916. 



DISEASES DUB TO THE CUP PUNOI AND ALLIES 639 

WoRifALD, H.; A blossom wiU and canker of apple trees. Ann. App. Biol 8: 169- 
204. 1917, 

: -The blossom wli and canker disease of apple trees. Jour. Bd. Agr. 24: 604- 

613. 1917. 

McCubbin, W. a.: Peach canker. Dom. Can. Dept. Agr. Bui. 37: 1-20. 1918. 

WoRMALD, H.: A wither tip of plum trees. Ann. App. Biol. 6: 28-59. 1918. 

: The brown-rot disease of fruit trees with special reference to two biologic form.s 

of MoniLia cinerea I. Ann. Bot. 33: 361-404. 1919. II. UriA. 34: 143-171. 

1920. 

: On the occurrence in Britain of the ascigerous stage of the brown-rot fungus. 

Ann. Bot. 36: 126-136. 1921. 

Howard, W. L. and Horne, W. T.: Brown rot of apricots. Cal. Agr.^xp. Sta. Bid, 
320 : 73-88. 1921. 

Roberts, J. W.: Age of brown-rot mummies and the production of apothecia. Phyto- 
path. 11: 176-177. 1921. 

Fromme, F. D., Rai^^^ton, G. S. and Eheart, J. F.: Dusting experiments in peach 
and apple orchard.^ in 1020. Va, Agr. Exp. Sin. Bid. 224: 1-12. 1921. 

Ezekiel, W. N.: Some factors affecting the production of apothecia of Sclerolinvi 
cinerea. Phytopath. 11: 496-490. 1921. 

Brooks, C. and Cooley, J. S.: Temperature relations of stone-fruit fungi. Jour. 
Agr. Ree. 22: 451-465. 1921. 

McClintock, j. a.: Peach dLseasc control. Ga. Agr. Exp. Stn. Bui. 139: T 30. 

1921. 

Killian, K.: IJeber die TJrsachen der Specialisiemng bei den Askomyzeten I. 
Die Monilia cinerea der Kirschen. Centmlhl Baki. u. Par. 11 Abt. 63: 560-597. 
1921. 

Harrlson, T. H.: Notes on the occurrence in New South Wales, Aiiatralm, of tlv' 
prefect stage of a Sclerotinia causing brown rot of stone fruits. Jour. <fc Proc. 
Roy. Soc. N. S. Walp.s 66 ; 21.5-219. 1022. 

Cunningham, G. H.: The significance of apothecia in the control of brown-rot of 
stone fruits. New Zeal. Jour. Agr. 26: 225-230. 1922. 

Snapp, O. T., Turner, W. F. and Roberts, John W.: Controlling the curcuho, 
brown rot and scab in the peach belt of Georgia. U. S. Dept. Agr. Cirr 226: 
1-30. 1922. 

Britton, W. E., Zappe, M. P. and Stoddard, E. M.: Experiments in dusting versus 
spraying on apples and peaches in Cvonnectieut in 1921. Conn. Agr. Exp. Sta. 
Bui. 226 : 209-226. 1922. 

WiLLAMAN, J. J. AND Sandhtrom, W. M.: Biocbemi8tr>' of plant diseases. ITT. 

Effect of Sclerotinia cineren on plums. Hot. Gaz. 73: 287-307. 1922. 

WoHMALD, n.: A shoot wilt and canker of plum trees caused by Sclerotinia cinerea. 
Ann. Bot. 36: 30,5-320. 1922. 

Norton, J. B. S., Ezekiel, W. N. and Jehle, R. A.: Fniit-rotting iSelerotinias. I. 

Apothecia of the brown-rot fungus. Md. Agr. Exp. Sta. Bid. 266: 1-32. 1923. 

Barss, H. P.: Brown rot and related disease of stone fruits in Oregon. Ore. Agr. 
Exp. Sin. Circ. 63: 1-18. 1923. 

Farley, A J.: Dry-mix sulphur lime. A substitute for self-boiled lime sulphur and 
summer-strength concentrated lime sulphur. Netr Jer. Agr. f!xp. Sta. Bui. 
379: 1-16. 1023. Also J. Circ. 177: 1-8. 1925. 

Norton, J. B. S. and Ezekiel, W. N.: The name of tne American brown rot Sclero- 
tinia. Phytopnth. 14: 31-32. 1924. 

Fihher, D. F. and Brooks, Charles: (kiiifrul of brown rot of pruneb and cherries 
in the Pmjifie Northwest. U. S. DejU. Agr. ^ Farwere* Bui. lilO: ^ 12. 1924. 



540 MANUAL OF PLANT DISEASES 

Brooks CHARLiofl and Fisher, D. F.: Prune and cherry brown-rot investigation in the 
Pacific Northwest U S Dept. Agr. Bui. 126S: 1-22. 1924. 

Ezekiel, W. N.: Fruit-rottmg Sclcrotinias, II The Amencan brown-rot fungi. 

Md. Agr. Exp. Sta Bui. 271: 87-142 1924 

Roberts, J. W. and Duneoan, J. C : The fungus causing the common brown rot 
of fruits in America. Jour. Agr Res. 28: 955-960. 1924 

Ezekiel, W. N.: Presence of the European brown-rot fungus m Amenca. Phyio- 
pa<A. 16: 535-542 1925 

Rudolph, B. A : Monilia blossom blight (Brown rot) of apricots Cal. Agr Exp 
Sta. Bui 383: 1-55. 1925. 

WiLLAMAN, J. J , Pehvier, N C AND Triebold, H O * Biochemistry of plant 
diseases V. Relation between susceptibihtv to brown rot in plums and physical 
, and chemical properties Bot Gaz 80*121-144 1925 

Dowson, W. j * On a core rot and premature fall of apples a’Mx lated with S(Urot%nia 
fructigejM, Tians Brit My( Soc 11; 155-161 1926 

Ezekiel, W N • Frmt-rottmg Hclerotinias III Longevit> of buried brown-rot 
mummies Md Agr Etp Sta Bui 284* J-22 1926 

WiLLAMAN, J J • Biochemistry of plant diseases VII, Correlation lietween skin texture 
and flesh texture m plum varieties Proc Soc Exper Biol & Med 23 680-681 
1926 

Roberts,! W and Dunboan, J C Pe ich-brow ri rot and scab U S Dtpt Agr 
Farmers* Bvl 1627: I 14 1927n 

- — AND * Critical remarks on certain species of Sclerotmia and Moniha asso- 
ciated with diseases of fniits Mgcologia 19: 195-205 19275 

8napp, O 1 et al Exiienniont on the control of the plum curcuho, brown rot and 
scab attu king the pea( h in Cteorgia L S Dept Agi Bui 1482 1- i2 1927 
WoRMALD, 11 Further studies of the tirown-rot fungi 11 A contribution if> our 
knowledge of the distribution of the species of Scleiotuna causing brown rot 
Aun Bot 41* 287-299 1927 

Boile, C f if al Blossom wilt of apple trees and wither tip of plum trees, with special 
reference to two biologic formp of Moniha nnerea Bon Sci Proc Roy Dvhhn 
Soc, a s 19: 63-76 1928 

Brooks, Charles and C‘oolky, J S Time-temperature relations in difftiint types 
of peach-rot infection Jour Agr Res 37 507-543 1928 

(^jRTis, K M * The morphological aspeits of resistance to brown rot m stone fruits 
Ann Bot 42: 30-68 1928 

IIarrihon, T. H ; Brown rot of fruits, and .isnocinted diseases in Australia Jovr 
Proc. Roy Soc NSW 62; 99-151 1928 

Wormald, H Further studies of the brown-rot fungi III Noinem latun of the 
American brown-rot fungi Brit Mi/( Sot 13*194-204 1928 

('urtis, K M P'our-vears coiiliol of brown rot in New Z< aland Ncin Zetdand Dept 
Set and luduat Re^ 16 4 17 1929 

Worviald, H Further studies of the brown-iot fungi IV Sclerotmia fniitigena 
as the cause of an apple canker Trnnh But Myc So( 16:102-107 1930a 

Furthei studies of the brown-rot fungi V Brown-rot blossom wilt of pear 
trees Ann Bot 44:965-974 19305 


ANTKRACNOSE OF CURRANTS 

Di>eu(lopeztza nbit> Kleb 


This IS a disease of currants which causes a spotting of the leaves and 
shows to a lesser extent on petioles, young canes, fruits and fruit pedicels, 
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thus caiudug injury both directly and indirectl 3 s> to the foliage and fruit. 
It is also called the Jeaf blight and leaf spot, but should not be confused 
with the leaf spot of currants due to an entirely different fungus, Myco^ 
sphoBrella grosstdaricB. The two can be re adUy distinguished by super- 
ficial characters, the lesions of Pseudoperiza leaf spot being small, while 
those of the Mycosphaerella leaf spot are usually inch or more in 
diameter. 

History and Geographic Distribution. — Anthracnose was first noted by Dudley as 
a serious disease of currants in America in 1889, although it had been reported some- 
what earlier. It was first reported in America from Connecticut by Berkeley m 1873 
on black currants, and later by Peck on the leaves of the foetid currant (Rihis yroHra- 
turn) in the Adirondack Mountains. Following the serious development of the disease 
in New York in 1889, it did not again become epiphytotic until 1901, when it was 
studied by Stewart and Eustace. It was not found by Pammel in Iowa in 1895 when 
he wa« making a special study of the Mycosphairella leaf spot of currants, but appeared 
there somewhat later. It was noted in Oregon in severe form at least as early as 
1911-1912, and was epiphytotic in Washington in 1915, but has not been very senous 
in Washington since that tinuc. The disease was known in Europe as early as 1867, 
and it has been reported also from Asia and Australia, but the country in which it 
originated is uncertain. While the anthracnose is rather widely distributed in the 
countries mentioned, it is of more local occurrence than many other fruit diseases and 
rather variable in the severity of its attacks. Noteworthy contributions to the life 
history of the causal fungus and on the control of the distiase were made in Germany 
by Klebahn in 1906 and by Ewort in 1907. Stewart contributed valuable information 
on the control of anthracnose in nursery stock by use of Bordeaux or lime sulphur in 
1915 and by dusting with sulphur in 1916. 

Symptoms and Effects. — The disease first appears on the older and 
lower leaves of a bush causing minute, dark brown, circular or subcircular 
spots, about ^25 iiich in diameter, and most conspicuous on the upper 
surface. The lesions may be few in number or so numerous that they 
may coalesce and cause larger and more irregular dead areas involving 
much of the leaf blade. Shiny, translucent, whitish or flesh-colored 
masses may be noted on the surface of the spots, appearing as minute 
specks at their cenler, but these spore masses may be washed away by 
rains. When the leaf spots are few in number, the balance of the leaf may 
remain apparently normal, but when they are numerous there may be a 
pronounced chlorosis of (he intervening leaf tissue, and the affected bushes 
will show a decided yellow color, frequently recognizable for a consider- 
able distance. During some seasons the disease may confine its attacks 
to the lower foliage, but under the most favorable conditions the infections 
become progressively more abundant until the upper and younger foliage 
is also involved In light attacks only a few lower leaves ari dropped, but 

in the severe infections which cause pronounccMl c*hh)rosis there is a pro- 
gressive defoliation from beloA upwards, until almost complete defolia- 
tion may result. This conditmn may l>e rt^ached by midsummer, and in 
recorded epiphytotics the danee were bare with the exception of smaU 
tufts of leaves at their lips. 
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While the infections are most evident upon the leaf blades^ lesions may 
also occur on the petioles and upon the one-year-old canes. * The lesions 
on the leaf stalks are evident as conspicuous, black, slightly sunken spots, 
and contribute to the injuries inducing leaf fall. The lesions on the canes 
are light brown or pale yellow and rather inconspicuous except when 
numerous, and apparently cause little or no injury, but are of especial 
significance in the life history of the parasite. 

In severe attacks the fruits and fruit stalks are also directly affected. 
On the berries the lesions are evident as minute circular black spots 
resembling 3y specks. The fruit lesions are noticeable on the green 
berries, but become much less conspicuous on the ripening berries. In 
severe fruit infections some of the most severely affected berries may 
split or crack and considerable shedding may result before ripening is 
completed. 



Kig, 15.1 AnthraciioHe {Pi^endopezxza rihxs) on currant Icuveu. 


*^The dropping of the leaves so early in the season must seriously 
interfere with the proper ripening of the wood and the formation of fruit 
buds for next year^^ (Htewart), so that Um injury is not confined to the 
season of attack. The injury to the fruit crop in seasons of light attack 
is probably negligible, but in st*vere infections heavy losses are experi- 
enced. In some recorded cases the yield has been reduced by one-half, 
while the fruit was also of inferior quality. Severe deioliation affects the 
development of the fruit, and in hot, dry weather the injury ma^ be 
increased by sun scald and shriveling of the berries. 

Etiology. — Anthracnose is caused by Pfieudopeziza nbis Kleb., a 
Discornycete or cup fungus, which produces its ascigerous stage on the 
old fallen overwintered leaves, and a conidial or Gheosfxirium stage on 
the various lesions produced during the growing ix*riod. 'J'he causal 
fungus was named Olwosporivni ribis by Montague and Desinaziers in 
1867, and was known under this name until the work of Klebahn in 1906. 
Klebahn found the apothecial form in the spring on the overwintered 
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leaves that had been affected with the typical aiithracnose lesions^ and 
was able to produce typical lesions upon the growing parts by inocula- 
tions with the ascospores. The genetic connection between the ascus 
and conidial stages was still further substantiated by the production of 
very characteristic and similar colonies in cultures from both types of 
spores. 

In the parasitic stage of the fungus, typical acervuli are produced on 
the lesions. The mycelium becomes aggregated into a basal stroma in 
the center of a leaf spot and spores are formed which finally rupture the 










H C 

J Kt 154 f\f udojK zun rihi'f 1 set tioii of ,in a( erv ulus, small portion of aM*i vulus 
inort* highl> maKiuticd showing < oiiidiophoios aiul ronidia. C \ortiral hoc t ion ol 'lu 
ipotherium ( 1 aflu ,'^bijurt, B, aft<r Dugyar, ( , a/lo KUhahn ) 

epidermis, and accumulate as the characteristic gelatinous niassc's 
described under Symptoms and I<]ffpcts The conidia are hyaline, 
strongly cuncd or falcate, commonly 19 by 7^1, but varying from 12 to 24 
by 5 to 9|u Since ttie conidia are embedded in a gelatinous mass they are 
not wind-dissem mated, but are liberated by the dissolving of the gelat- 
inous matrix by rains which cairy the spores to adjacent uninfected 
portions New infections may thus result during the growing season 
when moist uie conditions are favorable for spore germination. The 
characteristic lesions may appear after 10 to 14 days It is stated that 
conidia produced late in the season may live through the winter, while 
there is a possibility that the mycelium ip the canes may tide the fungus 
over the winter 

The infected leaves fall trt the ground but the mycelium persists 
and develops as a saprophyte ui the dead leaf tissue. This saprophytic 
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mycelium organizes apothecia which reach maturity in the spring. They 
appear as minute, fleshy, disk-shaped structures, which break through the 
epidermis of the overwintered leaves. They remain partially embedded 
in the leaf tissue and the basal stroma, and the hymenium or ascus layer, is 
iu part surrounded by thick-walled cells of the old mycehum. The 
numerous club-shaped jusci, mingled with simple or branched, sometimes 
one-septate paraphyses, bear eight hyaline, ovoidal spores. When the 
apothecia mature, the ascospores are forcibly discharged and are carried 
by the wind to the young leaves, and thus ear^y infections result. The 
early lesions soon begin the fonnation of acervuli and from that time on 
secondary infections result from the numerous conidia. 

Exactly what conditions ojxjrate to produce an epiphytotic seem 
uncertain. The disease was very severe in New York in 1889 and in 1901, 
both seasons being characterized as especially wet. It is significant that 
anthracnose was epiphytotic in Washington in 1915, and that apple scab 
was also unusually severe. These observations are opposed to the 
experience in Bavaria, where the disease was very severe during two rather 
dry seasons. It would seem that favorable temperature and moisture 
conditions during the early part of the season are of more influence than 
abundant rains later in the season. 

Host Relations. -Anthracnose occurs on both wild and cultivated 
species of currants. Black currants {Ribes nigrum and R. aureum) are 
generally more resistant than the varieties of red and white currants 
(R, rubru7n)j although these show varying degrees of susceptibility. 
Stewart and Eustace report Fay^s Prolific and Victoria as very susceptible 
while V. Stewart adds White Grape. According to Stewart and Eustace, 
Prince Albert and Pres. Wilder were perfect in foliage when standing 
side by side with the susceptible varieties, but V. Stewart puts the Wilder 
in the susceptible list. The disease also occurs on gooseberries, but they 
are generally more resistant than currants, and are seldom greatly 
injured. V. Stewart reports the Pearl and Downing as more resistant 
than Smith, Industry, Whitesmith and Houghton. 

The disease is generally reported as more se\^cre on older bushes than 
on cuttings, but these may become infected if grown in close proximity to 
old, diseased bushes. 

* Prevention or Control.- Since the causal fungus overwinters in the 
fallen leaves, a cultural practice which will bury them or otherwise prevent 
the formation of the ascus fruits should be of value. In small plantings 
this might ^be accomplished by raking out the fallen leaves and burning 
them, but plowing and dlean cultivation are more suited to larger plant- 
ings. Pruning to avoid too heavy growth of canes, so that there may 
be a better circulation of the eAv and more penetration of light to the 
lower foliage will help in re<lucing (he severity of infections. Main reli- 
ance, howe^'er, must be placed on the use of a protective fungicide to 
prevent the infections; (1) from the spring crop of ascospores produced on 
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the fallen leaves; an<l (2) from secondary infecliOns prtKluced diinnK the 
growing seaflon, from the conidia developetl on the leaf lesions. The 
frequency of severe development* of the disease in any environment must 
be the guide as to whether spraying will be a paying practice. 

A number of different fungicides have been tested and have given 
successful control: (1; Bordeaux mixture, 5- 5~50; (2) lime sulphur, 1-40 
or 1-50; (3) sulphur-lead mixture consisting of 90 parts finely ground 
sulphur and 10 parts powdered lead arsenate as a dust. Bordeaux was 
first recommended by Stewart and Eustace, and later gave good control, 
according to the experimental tests of Ewert in Germany (l507) and V. 
Stewart in New York (1915). Lime sulphur 1-40 or 1-50 gave as good 
control as the Bordeaux, according to V Stewart (1915), and sulphur 
dusting was recommended as a result of later tests (1917), especially for 
nui-sery stock. 

Successful control de/"' ids on having the young developing foliage 
piotected with the fungicuu* previous to the expulsion and dissemination 
of the ascospores, and upoo the continued protection of the foliage during 
the growing season. The following applications of the selected fungicide 
should be made: (1 ) when I lie leav'es are unfolding; (2) after an interval 
of 10 to 20 days; (3) later sprayings after similar intervals until a maxi- 
mum of six applications have been made. In some environments or in 
dry seasons the first Iwo applications v\’ill give practical control, while 
under more humid conditions the larger number of treatments will be 
required, 

Peferences 

DuDLiiY, W. IL’ Atithracnose ol uiir nis CorueU Vniv. Af/r. Exp xSta, BuL 16: 
19(L^198. 1889 

Stewart, F, V. and Kostace, J! J An I’pKU'inic (»f currant aiithracno.se A^ Y 
{Geneva} Agr. Exp, Sta, BhI, 199' 80. 1901 

Laubert, 11.: Bt'itriiK ziir Kenntins dcs < Jlo'O'spuriuin tier rnlcn .Toluinnishccrpn. 

Centrnlhl.J. BakL u. Par , 11 Abl 13: 82- in 1904. 

Klebahn, H.: I nt^^'rsucUungtjii uIkm <'iiUK,e iinprrf(M'ti unci (Ih‘ zugohdngon 

Ascomycptenformon. III. Ghjfoapnnum nhiH (Lib ) M. (fe D. Zeiischr. Pflan- 
zenkr, 16: 65-83. 1906. 

Ewert, H. : Ein Boitnig zur Entwj(*kolun^$ji;cscluchtr , . (pHCudo'})eziz*t ribis). 
ZeitHchr. Pflatizenk \ 17 : L'lS" 169. 1907 

Stewart, V. B.: Some imiiortaiit leaf of nursery .stock, Anthracnose of 

currants and gooseberries. Cornell Unir Agr. Exp. Sta. BuL 368 : 194-198. 
191.5. 

: Dusting nursery stock for the control of leaf diseases Experiment for the 

control of the leaf .spots of curraiiL'^. (Jorudl Uuiv. Agr. Exp. Stfl. Cue. 32 : 8-9. 
1916. 


ALFALFA LEAF SPOT 

Pseiidopezi^a medivnginis (Lib.) Sacc. 

Alfalfa is affected by n number of para.silic fungi which cause a spot- 
ting of the foliage, but the trouble under consideration has been so gener- 
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ally referred ta as the alfalfa leaf spot, that the name has been allowed to 
stand. This common leaf spot hai» also been called the leaf rust or blight, 
and the other spot diseases with which it may be confused are as follows* 
Yellow leaf blotch (Pyrenopeztza medicaginis) 

Ascochyta leaf spot (Ascochyta spp.) 

Stagonospora leaf spot (Stagonospora carpathica) 

Cercospora leaf spot (Cercospora medicaginis) 

Plcospha*rulina spot (P. briosiana)^ 

, Alfalfa rust {Vromyces striatus) 

The characteristics which will be noted for the true leaf spot should 
readily distinguish it from the spots caused by the other parasites. 



Fio. 166. — Alfalfa leaves showing spottini; duo lo Pstudojuztza nudiraginis. 


History and Geographic Distribution. What may liav(‘ Ixrn tlu.M chsoasc was first 
recorded in 1832 by Madam Libert on a relative of onr cultivated aUalta {Mediaigo 
lupvlina wiUienowti). Most of the early retereiiees to the trouble are aeattereil 
through the various niycologieul writings, wliere principal attention was given to the 
cau^l organism. Alfalfa leaf spot was recorded as eoinnion jii Clennnny as early as 
1860, and was first observed in the United States in IS.Mi and definitely recorded by 
Berkeley in 1876. From the HimultancHiUh studies of V^oges in Clermanv and Voglino 
in Italy (1009), it seems that the diseaw* imis general m Kiirojio at that time, but 
Brcfeld had made some detailed studies some vears earlier (IHOl; Tlu‘ first work on 
the disease in America was published by Chester (1801), >\ho first concluded that it 
must be Bec»d borne, but his seed-treatment tests failed to substantiate this notion 
and he then advanced the idea that there must be a general atinospherie infection. 
The next cxpiTiinental work of importiinee was by Combs (1897), A\ho came to the 
following conclusion : » 

‘‘First, the plants become affected !>y the s|)orefi carried by the air; and, second, the 
disease is strictly local, »>., its mycelium does not nffcct the stem or root, but is 
confined to the limit.ed brown spot on the leaf.” A very comprehensive study has been 

^ Bee note on this leaf spot, Chap. XXII. 


DISEASES DUB TO THE CUP FUNGI AND ALLIES 


547 


published by Jones (1919), based on wide observations and extensive laboratory 
studies. The disease has spread with the cultivation of alfalfa, and can now be found 
in slight or in severe infestations wherever alfalfa is grown. 

Symptoms and Effects. — There are two characteristics of the leaf spot caused 
by Pneudopeziza medicaginis which usually serve to distinguish it from spots 
caused by other parasitic fungi. The first of these is the circular shape and 
limited size ol the spots. The second is the presence tf a small raised disk that 
appears in the center of the spot when it has reached full development. The 
edge of the spot may be smooth and definite, especially if the leaf has been 
much e^bosed to the sun, or it may be more or less dendritic, with a fringe- of 
olive-colored ra 3 ns. No marked killing or sinking of the leaf tissue occurs. In 
size, the spot rarely exceeds 2 or 3 millimeters in diameter (Jones). 

The spots are brown or almost black, and the central disk, which is 
more frequently on the upper surface, may appear as a jelly-like drop or 
almost as dark as the surrounding portions of the spot, the former appear- 
ance being noted under moist, the latter under arid, conditions. The 
spots may vary in number from a few to a leaflet to a very large number 
(50 to 100 or more). With moderate infections the average size is 1.5 to 
2 millimeters in diameter, but with the very heav^y infections the spots 
may remain as mere specks. In many infections there may be more or 
less chlorosis of the intervening tissue, with the green color persisting 
longest around the spots. The extremes of yellowing are Ifkely to occur 
on the most shaded foliage, even though the infeclions may not be so 
numerous as on some leaflets with more exposure. The lesions may also 
appear on the petioles and succulent stems as elliptical, brown or black 
spots, 1 to 3 millimeters in length. 

The injury from the disease m the established fields is due to the early 
shedding of the lower leaves, which are the first ones attacked. In severe 
attacks many leaflets may have fallen to the ground before the time of 
cutting, while many others which were less affected will shatter off during 
the curing and handling of the hay. Sometimes the final product 
from such fields is little more than a mass of naked sterns, while the 
really valuable portion, the leaflets, is left behind in the field. It would 
seem that heavily infected plants would yield a crop of lower nutritive 
value exclusive of the loss from shattering. Stewart (1908) repofts 
that, '‘while it may seriously affect the first cutting in June, the second 
and third cuttings are the ones most likely to be injured. Overripe 
plants are especially liable to attack.'' On the irrigated or upland 
ranches of the West, where the midsummer rainfall is slight, the first cut' 
ting generally shows the maximum infection. Severe cases which have 
been observed in the middle of a summer drought were probably due io 
infections which occurred during the previous period of humid conditions 

If for any reason the plant is growing slowly, the stand is thick and the 
weather is frequently wet, a ly a few of the upper leaves reach full development 
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before they are covered with the disease . . . Stands which are growing rapidly 
keep most of the upper leaves well above the rising invasion of the fungus and 
show little harm (Jones). 

old-established plants are probably never killed outright by leaf spot, 
but young seedlings are sometimes completely ruined. In some cases 
where slightly acid soil has lowered the vigor of the young plants, the 
disease has been noted in unusually severe form. 

It is probable that the average farmer underestimates the amount of 
damage from this disease. There is, however, a constant toll, small under 
dry conditions, but larger under more humid conditions, which should 
not be overlooked. Chester (1891) reported that his experimental plots 
at the Delaware Station were severely attacked and that some of them 
were completely destroyed, while Pammel noted losses of 50 per cent in 
Iowa in 1890. Combs (1897) stated: 

There is no doubt that this disease, which attacks the plant at any time after 
it has made a growth of 4 to 6 inches from the seed, is the principal cause of the 
non-success or partial success of this most excellent forage plant in this part of 
the country 

Etiology. — ^Leaf spot is caused by Pseudopeziza ynedicagims (Lib.) 
Sacc., a species of cup fungus which appears to be confined very, largely to 
alfalfa or to other species of Medicago. It was first described ^Jbert, 
1832) as Phacidtum medicaginia from specimens on Medicago lupulina 
mldenowiif and the fungus found on alfalfa by Desmazieres (1841) was 
assumed to be identical. In 1883 S^cardo transferred the alfalfa leaf- 
spot fungus to Psevdopeziza, which had been established with P. irifolii 
as the type. For some time after this mycologists believed that the two 
similar forms on clover and alfalfa were identical, but Jones (1919) has 
recently presented convincing evidence as a result of pure culture inocula- 
tions that the clover and alfalfa sj>ecies are distinct. 

^he disk at the center of the leaf spot is the fruiting body or apothe- 
cium of the pathogene. Mature fruits are 0.5 to 1.5 millimeters in 
diameter, slightly raised, but sessile and usually surrounded by the torn 
edges of the leef ‘pidermis. 

, The apothecia on alfalfa arc usually solitary, except on overwintered leaves, 
where several clustered apothecia may develop on a stroma. As the hymenial 
layer develops, the .stroma from which it arises becomes thicker, forming in and 
among the collapsing leaf cells. The epidermis is ruptured, and the hyinenium 
is raised abdrve the surface of the leaf (Jones). 

Asci are 60 to 70 by lO/u and the paraphyses continuous, unbranched, 
swollen at the ends, and slightly longer than the asci. The ascospores are 
uniseriate or irregularly biseriate, continuous, hyaline, biguttalate, irregu- 
larly oval 'ind 10 to 12/x long. P. irifolii has slightly larger spores, some 
of which are slightly flattened on one side. 
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European writers have reported an associated conidial stage, .three 
different types* being described, but Jones has stibwn that they are the 
fruits of other fungi. Conidium-like structures are product on the 
mycelium in pure cultures, in the form of oval cells, 3 to 8 by 3 to 5fi, from 
the ends of lateral branches or swollen cells (Jones), but even these are 
not known to be formed under field conditions, and it is the belief that the 
fungus relies entirely on the ascospores for dissemination. 

Under conditions of suitable temperature and moisture the spores 
from nuiture asci are forcibly •discharged by the rupture of the ends of 
the asci, and may be thrown for a distance of several millimeters. They 



Ful 156 Vertical section through %n aiiotheciuin of the alfalfa leaf-spot fungus (Pttpvdo^ 
perixa mcdicaoinia) {After Combs.) 


stick readily to surfaces with which they come in contact. Some of the 
fruits will expel their ascospores during the course of the growing season 
and these will serve for the immediate spread of the disease, while other 
fruits which arc retarded in their development, or form later in the season, 
will persist on the old fallen leaves and be ready to expel spores m the 
following spring. New asci may develop in old apothecia and new apo- 
thecia may form around the old ones. 

Spores expelled naturally from asci are capable of germinating at once 
upon a moist surface. The entry of the germ tube in leaf infections is not 
through stomata, as was formerly stated, but 

The germ tube emerges from the spore either within or at the margin of the 
area of contact of the spore with the leaf an^ passes directly through the cuticle 
into the epidermal cell. Apparently the germ tube must enter the leaf at the 
moment of emergence from the spore, if at all. After passing through the wall, 
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the genn tube quickly expands to nonnal size. When it reaches the center of the 
cell it visually divides into two or three branches, which pass intp the adjoining 
epidermal cells or down into the palisade lay^ (Jones). 

There can be little doubt that the new infections are started by wind- 
borne ascospores. 

The ascospores appear to be quite resistant to desiccation. In 
experimental tests with spores dried on plaster of Paris blocks Jones 
concluded that drying alone would not kill them in less than 1 year, and 
that freezing during the drying had no injurious effect. This behavior 
of the spores is of some importance as indicating the possibility of their 
survival in viable condition on the surface of overwintered seed. Miss 
Massee (1914) supports the idea of the disease being seed-borne by 
microscopic examinations of commercial seed which revealed ^'the fungus 
present in abundance on minute fragments of leaves and calyces, and 
rarely on the seed itself.*' As a result of tests with treated seed Jones 
comes to the conclusion that there is little or no evidence that the disease 
is seed-bofne. 

In view of the fact that P. medicaginis seems confined largely to alfalfa, 
the probability of the first infections in a new field originating from some 
other host appears remote. Although positive evidence is lacking, it 
would seem logical to believe that the fungus may be introduced into new 
distant localities first with the seed in some form, but that general spread 
throughout the field or to adjacent fields is accomplished by the wind- 
borne spores from the first infections. 

Control. — In considering the control of this disease the following 
points should be kept in mind: (1) Tlj^ ascospores are the only kind of 
spores which are known to function in nature; (2) these are formed cm the 
leaves and many of the spore-bearing fallen leaves carry the fungus over 
the winter; (3) the disease does not spread from clover to alfalfa; (4) 
alfalfa is the principal host in the regions where alfalfa is generally grown; 
(5) the pathogene is extensively wind-disseminated; (5) seed disinfection 
does not prevent the disease in new plantings in regions in which alfalfa 
is already establishe d 

In the light of these facts the only practical measure that is recom- 
mended is early cutting. This accomplishes two things: (1) The fungus 
is prevented from maturing its apothecia; (2) a field is harvested before 
shedding of leaves has lowered the value of the crop. No exact date of 
cutting can be specified, but a field which appears to be heavily infected 
should be carefully watched and mowed before the foliage has begun to 
drop to any*^extent. 
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CHERRY LEAF SPOT 

Coccomyces spp. 

This disease of the cherry is characterized by the product ion of 
localized dead spots on foliage, fruit and fruit; pedicels, the serious aspect 
being the defoliation which is likely to result. T'hc disease is known by 
various common names, such as *4eaf blight,^' ^'leaf spot,^' ''yellows,^' 
yellow leaf’^ and the shot-hole disease. The last name has been 
frequently used because the dead areas often drop out, leaving circular 
or irregular perforations, while ‘'yellows^’ and “yellow leaf“ have been 
suggested by the pronounced chlorosis of the foliage which sometimes 
accompanies severe spotting. 

History and Geographic Distribution.- licaf si)ot of the cherry was first noted from 
Kiirop<‘ in 1884 on Pranub pad us, and according to Soihikt and Lindau is confined 
almost (‘iini'ely to that specicH m PJurope The discahc* is reporti'd b> Aderhold as 
hiiMug been common on both sweet and .sonr clicrrn‘s in Kuroiie ior 10 years prior to 
l‘K)l The related plum leaf fungus wasi studied h\ Anlmr in New York (1886- 1889) 
anil Pairimel gave special attention to this “.spot diseasi' of eherries’’ in Iowa in 1891. 
The cau.sal organism wa.s very imperfectly known until the work of Higgins in 1914, 
wlu*n an aseigerous stage on the overwintered l<*aveH was dehniti ly eonnectod with the 
conidial stage. Since 1891 special bulletins on either life history or control have 
t»e('n issued from New ^ork (1901, 1914, 1916), Wiscon.sm OOIS), Miehigan (1921, 
1925), low'a (1897) and Nebraska (UM)S) KxpennuMit Stations and bv the U. S. 
D(»j)artmeiit of Agriculture (1919). Av ordiug to Kobert.s and Pieree (1919), “eherry 
leaf spot occurs quite generally over the eastern half of the Umli'd Stab's and has been 
reportinl as very destruetive in Illinois, low'a, Nebraska. Miehigan, Connecticut, Now 
York and New Jersey." It is conirum in eastc n Camida and has been ri'ported from 
California, Oregon and Washington. In the W 'st it .^ecMns to be contineil very largely 
to the more luiniid coast sections. It has al.so .icon icfKirleil from South Afnea and 
ot her foreign countries 

Symptoms and Effects.— The leaf .spot first ixpptNirs upon the foliage 
as small, purple or reddish, circular spots^ which later enlarge and turn 
brown. On certain varieties the brown spots may remain surrounded 
by a zone of reddish brown or in late infections may remain as small 
purple spots. The spots, } g inch or less in diameter, may be few in num- 
l)er or they may be so numerous as to coalesce and form large irregular 
dead areas. During humid periods whitish spore masses may appear in 
the center of the leaf lesions, being much more numerous on the lower than 
on the upper surface. It frequently happens that the dead brown tissue 
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of the leaf lesions becomes separated from the surrounding tissue and falls 
out, leaving characteristic perforations which have suggested the com- 
mon name of shot hole. When several perforations occur in dose proxim- 
ity they may form irregular or ragged holes. The shot-hole effect seems 
to be more frequent on sour than on sweet cherries. In severe or later 
stages of the disease there may be a pronounced chlorosis of the leaf tissue 
between the lesions, and affected trees may present a striking yellow 
appearance, hence the name “yellows'' or “yellow leaf." Seriously 
affected leaves may fall prematurely and it is not uncommon for trees to 
be nearly defoliated by July 1 or a little later. Trees which have had 
their vitality weakened appear to suffer the most extreme defoliation. 



Fig. 167 —Cherry leaves nhowitig spotting duo to Coecomyces hiemdtis. 


Especially severe yellowing and defoliation have been noted on English 
Morello trees which were suffering from a fungous trunk and root rot. 

Infections may occur on the fruit and fruit pedicels, and rarely upon 
the young shoots. The first report of pedicel infection for America was 
by Stewart and Eustace (1901), who reported one case of English Morello 
trees in which 

The fruit pedicels were so generally attacked by the fungus that it was some- 
what difficult to find one which was entirely free from the bro>\n spots. The 
spots were from to H inch in length and extended one-third to one-half the 
distance around the pedicel Often the spots coalesced, and then a large portion, 
or even all, of the pedicel was brown. 

The presence of the pedicel lesions, combined with the defoliation, 
causes the fruit to ripen unevenly. Direct attacks of the fruit are of 
minor consequence, but fruit lesions may occur as smoll brown spots. 
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The chief injury to the fruit, however, results from the loss of vitality of the 
tree, due to the lose of leaves. In case of severe att&cks the fruit often fails to 
mature, and wood and bud formation are seriously hindered. Repeated severe 
attacks may kill the tree (Keitt). 

The disease not only affects the crop for the season of attack, but, if 
severe, it means a ** laggard, sour crop of half-sized fruit ’’ for the next year. 

In another way the loaf cast works damage to the tree. Winter injury to 
cherries should be uncommon considering the hardiness of this fruit. It is 
notorious that orchards where leaf spot has injured the trees suffer most from 
winter injury. The impoverished limbs and twigs do not possess resistance 
(Coons, 1921). 

Leaf spot was recognized by the earlier studies as a very important 
disease of nursery stock. Pammel (1891) wrote: 

It is, in fact, so bad that the common varieties of the cherry cannot be grown 
from the pits. 

A case is on record where 40,000 young cherry trees were lost on account of 
leaf blight alone. The loss in Ohio in 1905 is estimated at $25,000. The preced- 
ing year it is estimated to have caused a loss of 8 per cent in Maryland. One 
nursery company in Nebraska claims to have lost $40,000 in 1903 on account of 
this disease (Hesler and Whetzel, 1917) 

The examples serve to show what the disease will do m nursery stock 
if allowc^d to develop unchecked. 

Etiology. — The leaf spot of cherries is due to two different species of 
ascomycetous fungi belonging to the Phacidiales: Coccomycen hiemalis 
Higgins, which affects Pruvus avium^ sweet cherries, F. cerastiSy sour 
cherries and P, pennsylvanica (and also P. mahalpbj according to Keitt, 
(19186); and Corcomyces lutescens Higgins, which attacks chokecherries, 
wild black cherries and the mahaleb cherry (F. mahaleh) The fungus 
was first described from its conidial stage in 1884 as Cylindrosporium padi 
Karst, and, until the work of Higgins in 1914, had been generally known 
by that name. The similar leaf spot of the plum had also passed under 
the same name, as they were supposed to be identical. In 1876 Peck 
described a fungus from the wild black cherries of the Adirondack Moun- 
tains as Sepioria cerasina. This and Septorin ravenelii Thum., with 
which it seems to be identical, have been shown to be CT/lindrosponum^ 
the conidial fruit being a typical acervulus. Arthur made a study of the 
plum leaf fungus and in 1887 described it as S. cerasina Pk., but he was 
apparently dealing with CVlindrosporium He recognized an ascus stage 
on the fallen overwintered leaves which he did not name, and which he 
believed was a stage in the life cycle of the plum fungus, although definite 
proof was not offered. This discovery of Arthur was apparently over- 
looked, for Duggar (1909) wrote: “N 4 ) ascogenous stage of the fungus is 
known, and there is some doubt as to the ordinary method of wintering 
over.” The detailed studi^ of Higgins (1914) have shown by cultures 
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and inoculations that the acervular stage on the living host is but a part 
of tlie life cycle of the Ascomycete which produces its apotheScial stage on 
the fallen overwintered leaves. The following description will apply to 
Cocromyces hiemalis, the common species of our cultivated cherries: 

The mycelium is intercellular, with haustoria which penetrate the host cells 
The haustoriuiTi enters through a very small hole in the cell wall and is very 
much attenuated as it enters, but the end enlarges into an oval elliptical body 
wliich contains a nucleus and a comparatively large vacuole. After the haus- 
torium has entered, the protoplasm of the invaded cell often deposits a cellulose 
sheath around the haustorium, apparently similar to that formed around the 
haustoria of the Erysiphaceae as described by Smith (Higgins, 1914). 



Fi<» 158 — Sertion of an arerviilus showing the Cylindrosponum stage of ( horr\ leal-spot 
fungus (Aftn wart ComtlJ f’lrr. 81 , 1914 ) 

The amount of killing of the host tissue is exceedingly variable, the 
minimum lieing just a few cells in direct contact with the stroma of the 
acervulus. Apparently no very poisonous toxin or enzyme is fiioduced. 

Some lesions fall away before there has been tune for the formation of 
the conidial fruits. Those which do persist sufficiently long generally 
give rise to one or more acervuli, which appear either above or below. 
The acervulus consists of a disk-shaped stroma whivh forms beneath the 
epidermis, at fiiwt only one cell thick, but increasing with age. Conidio- 
spores develop on the upper or outer surface, at first in the center, and 
then centnfugally. The stroma extends laterally b< tween the epidermis 
and the mesophyll, and when the conidia have been formed in sufficient 
number the epidernas is lifted up and ruptured, and they arc forced out 
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upon the surface as yellowish-white or whitish opalescent, sticky masses 
or sometimea as more elongated tendrils. Ttje conidia are hyaline, 
elongate, curyed'or jflexuous, 45 to 60 by 2.5 to 4/1 and continuous or one- 
to two-septate. 

The production of typical Cylindrosporium conidia (Macroconidia) 
ceases towards the end of the growing season, and from that time until the 
leaves fall the same stromata give rise to large numbers of microconidia, 
4 to 5 by 1 1o 5/1, which are abstricted from the base of short branched 
conidiophores (these are probably what Arthur in 1886 classed as Phoma 
spores). 

Almost simultaneously with this change in spore form, the stronia i)egins to 
develop downward through the mesophyll and palisade layers of the leaf. 'The 
stroma usually extends entirely through to the upper epidermis but remains 
covered both above and below by the leaf epidermis (Higgins, 1914). 



A B 

Fic; 159 — Coccomycps kipmaivt. A, sertion of an apothecium, B, aeci and paraphyset) 

enlarged. {After Ihggtns.) 

This dark stroma begins to swell towards the lower side of the leaf 
during the first warm spring days, and the hyinenial layer soon becomes 
evident, the paraphyses first, followed by the asci. In April or May the 
asci enlarge rapidly and raise the covering which breaks in a more or less 
stellate fashion Soon after the rupture the apothecia are mature and the 
ascospores are then forcibly expelled from pores in the papillate ap/e?^ of 
the asci. The asci are clavate, 70 to 95 by 11 to 14/t, eight-spored and 
have a long stout pedicellate base ; the hyaline ascospores arc fascicled in 
the large end of the ascus, linear, 30 to 50 by 3.5 to 4.5/t, continuous or 
one- to two-septate; the paraphyses filiform, septate with apex slightly 
enlarged and often hooked or forked. 

After the ascospores are shed the asd and paraphyses disappear and long 
slender conidia are formed on^ short conidiophores which arise apparently as 
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branches from the base of the paraphyses. They are once or twice septate and 
resembld Cylindrosporium oonidia but are usually longer and a littl6 more slender 
(Higgins, 1914). 

The conidia produced from the acervuli have been shown to lose 
their vitality rather quickly after drying, but fresh conidia germinate 
readily under proper conditions of temperature and moisture. During 
humid periods they are produced in abundance and are washed away by 
rains or are carried by other natural agencies to healthy foliage and thus 
serve to spread the disease during the growing season. Apparently the 
conidia do not live over the winter, and there is but little evidence that 
any active lesions persist on the young twigs. The ascus fruits are 
undoubtedly the source of the first leaf infections of the season, and the 
wind-borne ascospores are set free shortly before the first leaf lesions 
appear. It has been pointed out that they are more active in producing 
infections than the Cylindrosporium conidia. The conidia produced in 
the apothecia following the liberation of the ascospores are also capable 
of causing infections, but it is uncertain how important a part they play 
in the life of the parasite. The microconidia or spermatia are not known 
to be functional in producing new infeclions. 

Coccomyces species can be grown in cultures from either conidia or 
ascospores, but their behavior in culture is variable. The following state- 
ment of cultural characters is based on the work of Higgins (19J4). 

Growth from the conidia is very blow , the colonies being visible to the naked 
eye only after 10 to 15 days. They show then as small w^hitish specks, which 
consist of stromata covered with conidia s^ilar to those formed on the leaf 
lesions. After about 2 months a colony enlarges to a hemispherical mass, 0 5 
to 1 centimeter in diameter, and is black and crust-like in C. 'prunophorm from 
plums, dark but not crust like in C. hiemalis, but creamy white and more floccose 
in C. luteacens. The dropping out of the circular leaf lesions producing the shot- 
hole effect is due to the enlargement of a layer of cells at S(imc distance from the 
ends of the mycelium. Their enlargement is so abrupt and so great that the 
active cells separate from the adjoining inactive cells inside (Higgins). 

The separated leaf tissue ^ Turns yellow, shrinks rapidly and soon drops 
out. ” It is believed that the enlargement of the cells is due to increased 
osmotic pressure, and that the production of shot holes is correlated with 
the amygdalin content of the leaves. According to this theory the amyg- 
dalin is broken down by an enzyme which is set free when the affected 
tissue wilts, and substances are produced which increase the osmotic 
pressure. This theory is substantiated by the fact thst amygdalin is 
not found in Prunus aviuniy and that shot-hole formation is rare in this 
species. According to Cunningham (1928), *‘a definite cicatrice is formed 
about the edge of the lesion, thus isolating the diseased portion from the 
healthy. The three species of Coccomyces produce similar effects. 
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Host ReUtions. — ^As preAdously noted, tw6 species of Coccomyoes 
affect cultiyated and wild cherries, while one species, C. prunophora, 
affects plums. Since the work of Higgins (1914) extensive cross-inocula- 
tion tests with Coccomyces spp. have been made by Keitt (19186). TTie 
strains studied were “tentatively grouped as follows, according to the 
hosts from which they were procured: (1) P. cerasus, P. avium, P. 
mohair and P. pennsyhamca; (2) P. domestica; (3) P. virgimana; and 
(4) P. serotina.” Neither sweet nor sour cherries were infected from 
strains obtained from wild black cherries or from chokechcrriea, but a 



Fio 160 — Plum loaves showing an extreme case ot shut hole duo to Coccurr }/c<s prunophonr 

limited transfer from the bird cherry (F 'pennsylvarnra) to the cultivated 
species was noted. The conclusion may be drawn that there is but little 
danger of the infection of cultivated cheines by f^oecomyces species from 
wild hosts. Conditions in the Inland Empire of the Pacific Northwest 
offer similar evidence without the use of extensive cross-inoculations. 
Coccomyoes is very common on the native chokecheiry {P. demisaa), 
but both sour and sweet cherries always remain free from ^Infection even 
though grown in many cases in close proximity to severelj’^ infected 
chokechemes. 

Prevention and Control. — A consideration of the life history of the 
pathogene will at once suggest two possible lines of procedure: the elimi- 
nation of the apothecia, or the overwintered fruits, as a source of the first 
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8pnug infections; and the protection ot the developing foliage by the 
application of a fungicide. 

1. Early Clean CvUivation. — If ail the dead leaves could be destroyed and 
if the fungus harbored on no other plants, spraying would not be necessary. 
While it is not practicable to practice sanitation with such thoroughness as to 
make 8pra)dng unnecessary, it is possible greatly to strengthen the spray schedule 
by turning under as many of these leaves as is feasible by clean cultivation in 
the spring before the spores of the fungus are discharged (Keitt, 1918). 

Clean cultivation to be most effective should precede the time when 
the blossom buds begin to break open. Whenever clean cultivation is 
practiced, it should be timed so as to assist in the control of leaf spot. 

2. Spraying or Dusting. — In regions in which leaf spot is prevalent 
in serious form, the use of a fungicide will be necessary to secure commer- 
cial control. The following applications are recommended: (a) soon 
after the p)etals fall; (6) 2 to 3 weeks later; and (c) just after the fruit has 
befin harvested. Excellent commercial control was obtained in Wiscon- 
sin in some seasons with only (a) and (b) in combination with thorough 
early clean cultivation. In Michigan, spraying 4 weeks after the petals 
fall is also recommended (Dutton and Wells, 1926). Spraying before 
blooming gives no increased protection. The safety period for th# first 
spraying, which is the most important one, may extend through about a 
week following the fall of the petals, but in unusually warm weather this 
period for effective spraying is materially shortened. The spraying pro- 
gram sho\ild be modified to meet regional variations. 

The following liquid fungicides have given gqod control: (a) Bordeaux 
mixture, 3-3-50 or 2-2-50, the weaker strength for regions of light infesta- 
tion or if supported by good sanitation; (b) commercial lime sulphur 1-30, 
1-40 or 1 -50. In each fungicide arsenate of lead powder should be added, 
1 pound to 50 gallons. The spraying should be timely and thorough and 
an effort should be made to cover both upper and iiuder surfaces of the 
leaves. The 1-30 lime sulphur may be used on sour cherries without 
danger of injury, but 1-40 has proved effective. 1 -50 lime sulphur should 
be used on sweet cherries, according to Roberts and Pierce (1919), but 
Bordeaux should not be used on these varieties tecause of the danger of 
injury. It is claimed that lime sulphur 1-50 may be used with safety by 
the addition of }i pound of iron sulphate to each 50 gallons, which will 
increase the ndhesiveness and lessen the burning pro [Marties. Lime sul- 
phur, 3 gallons to 100, is recommended in Michigan (Dutton and Wells, 
1925) instead of Bordeaux because of severe foliage injury and serious 
reduction in the size of the fruit with the latter. Good control, but less 
effective than with Bordeaux, has been reported from the use of flotation 
sulphur, 6-50, the three brandB Thylox, Fenox and Gray giving about 
equal protection (Smith, 1930). 
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Dusting with sulphur has been recommended especially for nursery 
stock, but in some cases it has not given adequate control of the disease 
in orchard trees. A formula frequently recommended is 90 parts of dust- 
ing sulphur to 10 parts of finely powdered lead arsenate. The first appli- 
cation in nursery stock should be made when the cherry buds are 8-12 
inches high, and whether spraying or dusting is practiced the applications 
should follow at intervals of about 2 weeks. The serious nature of the 
disease on nursery stock will necessitate from five to seven applications 
to give adequate protection. 
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IMPORTANT DISEASES DUE TO CUP FUNGI AND ALUES 

1. Hblviqllaljbs 

Root rot of conifers, especially seedling trees [Rhizina infiata (Schitif.) Saoc.)- — W bir, 
J. R.: Observations on Rhtzina inflata. Jour. Agr. Res. 93-96- 1916. Van 

DBR Lek, U. a. a.: Rhinna inflata^ ein Wurzelschmarotser von Koniferen. 
Ttjdschr. over Plantenziekt. 23: 181-194. 1917. 

II. Pezikalbb 

1. HelotiaceoB’ 

Brown rot of stone fruits (Sclerohnia spp.). — (Hee special treatment.) 

Drop of lettuce (ScLeroiinia sclerohorum (Lib.) Maas. = S. libertiana Fckl.). — Causes 
also wilt or stem rot of various garden vegetables and the cottony rot of lemons. 
Smith, R. E.: Botrytis and Sclerotinia: Their relation to certain plant diseases 
and to each other. Bot. Gaz. 29: 369-407. 1900. Stevens, F. L.: A serious 

lettuce disease. N. C. Agr. Exp. Sta. Bui. 217: 1-21. 1911. Krout, W. S.: 

Control of lettuce drop by the use of formaldehyde. Jour. Agr. Res. 23 : 646- 
664. 1923. Wakefield, E. M : On the names Sclerotinia sclerotiorum (Lib.) 

Massee, and S. libertiana Fckl. Phytopath. 14: 126-127. 1924. Smith, C. O.: 

Cottony rot of lemons in California. Cal. Agr. Exp. Sta. Bid. 266:237-258. 
1916. Davis, W. H.: Drop of Chinese cabbage caused by Sclerotinia sclero- 
tiorum (Lib.) Massee. Phyiojmth. 16:249-259. 1925. 

Drop of lettuce {Sclerottma minor Jagger).- Also affects celery and other garden 
crops. At first confusetl with S. libertiana but now known to be a distinct species. 
Jagoeh, I- C.: Sclerotinia minor, n sp., the cause of a decay of lettuce, o^lery and 
other crops. Jour. Agr. Res. 20: 331-333. 1920 Beach, W. S.: The lettuce 

‘‘drop” due to Sclerotinia minor. Pa. Agr. Exp. Sta. Bui. 166: 1 -27. 1921. 

Gray mold of castor bean {Sclerotinia ricim Godfrey) Godfrey, G. H..: Sclerotinia 
ricinif n. sp, parasitic on the castor beaah {Ricinus ammunis). Phytopaih. 9 : 565- 
567. 1919, Godfrey, G. H.; Gray mold of castor bean. Jour. Agr. Res. 23: 

679-715, 1923, 

Stem rot or wilt of clover and alfalfa {Sclerotinia iiijolurrum Eriks.). — Gilbert, A. H. 
and Bennett, C. W.: Sderotima tnjohorum, the cause of stern rot of clovers iind 
alfalfa. Phytopath. 7: 432-442. 1917. Wolf, F. A. and Cromwell, K. O.; 

Clover stem rot. N. C. Agr. Exp. Sta. Tech. Bui. 16: 1-18. 1919. Wadham, 

S. M.: Observations on clover rot (Sclerotinia trlfohorum Enks.). New Phytol. 
24 : 50-56. 1925. Nilsson-Leissner, G. and Sylven, N.. Studicr over Klo- 

verrotan {Sclerotinia trifoliorum). Sver. Utsadesfor. Tidskr. 36: 130-158. 1929. 

Hard rot and tip blight or cotton-ball of the cranberry {Sclerotinia oxycocci Wor.). — 
Shear, C. L. : Cranberry' diseases and their control. U. S. Dept. Agr., Farmeis' 
Bid. 1081; 10-11. 1920. Also U. S. Dept. Agr. Tech. Bui. 268: 9-10; 42-43. 

1931. 

Cankor 9i larch {Dasyscypha calycina (Schuin.) Fckl. — Hilby, W. B,: The fungal 
diseases of the common larch, pp. 16-79. Clarendon Press, Oxford. 1919. 
Meiniecke, E. P.: The European larch canker. Mo. Bui. Cal. Dept. Agr. 19: 
506-509. 1930, 

Whita^pine canker {Dasyscypha fusco-sangutnea Rehm,). — Stillinqeh, C. R.: 
Dasyscypha fi^scosanguinea Rehm on western white pine. Phytopath. 19 : 575- 
684. 1929. 

2. MoUistacece: 

Leaf spot of alfalfa {Pseudop$iiza medico ^ginis (Lib.) Sacc.). — (See spbctal treatment 
p. 545 ) 
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Currant uithr|cnoBe {Paeitdopeziza ribis Kleb.). — (See special treatment p. 540.) 
“Roter Brenner” of grape (Paeudopeziza tracheiphila Ml*.). — MCllbr-Thurgau, H- : 
Der rote Brenner des Weinstocks. CerUraibl. Bakt. u. Par., II Abt. 8S: 58G-6tI 
1913. ZiLLio, H. AND Nudmeybr^ L. : BeitriLge zur Biologie und Bckdnipfung des 
Rotenbrcnners des Weinstocks. Ari>. Biol. Reichanst. Foratw. 17 : 1-66. 1929. 

Black-spot canker {Neofabrcea tnalicorticis (Oord.) Jackson). — This disease, also 
called the Pacific Coast canker or apple-tree anthracnose, is confined to the 
Pacific northwest where it causes characteristic cankers on apple, pear and a few 
other hosts and a bull’s-eye type of decay on apples. Jackson, H. S. : Apple-tree 
anthracnose. Ore. Bien. Crop Peat Hort. Kept. 1911 - 1912 : 178-197. 1913. 

White, E. W’.: Apple-tree anthracnose or black-spot canker control. ScierU. 
Agr. 2 : 186-191. 1922. Heald, F. D.: In Manual of Plant Di^ascs, 1st Ed. 

pp. 500-611. McGraw-Hill Book Company, Inc., New York. 1926. 

Leaf blight of pear and quince (FabrtBa maculata (L^>v.) Atk.). — Atkinson, G. F, 
The4>erfect stage of leaf spot of pear and quince. Science, n. s., 30 : 452. 1909. 

Cunningham, C. H.: Fabriea soald (Fo^raa vuiculata (L6v.) Atk.) New Zeal. 
Jour. Agr. 28 : 96-102. 1924. Hbbler, L. R. and Whbtzel, 11. H.: Manual 

of Fruit Diseases, pp. 347-350; 388-390. The Macmillan Company. 1917. 
Yellow-leaf blotch of alfalfa (Pyrenopeziza medicaginis Fckl.). — Jones, F. R.; Yellow- 
leaf blotch of alfalfa caused by the fungus Pyrenopeziza tnedicaginia. Jour. Agr. 
Res. 13 : 307 -330. 1918. 

3. Cenangiaceip. 

Twig blight of pine and fir {Cenangtum abietis (Pens.) Duby). — Fi.nk, Bkuce. Injury 
to PinuH titrobus caused by Cenangium abiehs. Phytopath 1: 180-1 S3. 1911. 

Weir, J R.: Notes on Cenangium nbietis (Pers ) Rehin on Ptnus jtondfroba . 
Phyiopath. 11: 166-170. 1921. Liehe, J.: Neiu* Beobachtungen ueber Cennn- 

gium abietia. Zeitschr. Forat-u. Jagdw. 54 : 227-229. 1922. 

III. Phacidiales 

1. Phacidiacece: 

Black leaf spot of arbor vit« (Keithin thujma Dur.). — Weik, J. R.; Keithia thujina the 
cause of a serious leaf disease of western red cedar. Phyiopath. 6: 300-363. 
1916. 

Leaf spot of cherry (Coccomyces hicmaliH iliggms) and spot of plum (Voccomycts 
prunophorcB Higgins).-- (See special treatment of leaf six it of cherry.) 
Anthracnose of poplar (Trochila impulorum Dcam.J. — The conidinl form is Mars- 
Sonina castagnei (D. & M.) Sncc. Edgbrton, C. W.: Trochila populoram Dc.sm. 
Mycologta 2 : 169-173. 

Tar spot of maple (Rhytisma acerinum (Pera.) Fr.). Cifeuiu, R. : Un in(ens(‘ aftacco 
del Rhyiisma acerinum (Pens.) Fr alle folgie d’Accr carn^festre. Rir. paUd. 
veg. 11 : 93-95. 1921. Jonk.s, S. G.: Life HiSlory of Rhytisrna acerinum 
(Preliminary account). Ann. Hot. 37 : 731—732. 1923. Bkacheh, R. : Notes 

on Rhyttsma acerinum and Rhyh.sina p.seu<ioplatam. Ttt(n.s. Brit. Myc. Soc^ 9 : 
18il-186. 1924. .Tones, 8. CJ : Life history and c>^ology of Rhyii'^ma acerinum 

(Pers.) Fries. -4nn. Bat. 39 : jl: 75. I92.‘'i. 

Needle blight of Douglas fir {RhabdtrcliHe pseudoif^ugw xSvd ) \\ f.ih, ,1. R : A mvdle 

blight of Douglas fir Jour. Agr. His. 10 : 99 103. 1917. T#reik, C \ on : 

Einc neue KrankluMt der Douglastaniie. Zeitschr. Pjtauz*iiLr. 38 : 76 76 . 1926. 

Liese, j.: Zur Rhabdocline Krankheit dei lX)Ugla.Me. Forstarch. 7: 341-316, 
1931. 

Canker and fruit rot of apple and pear {Phacidiella discoUn (M. cV 8.) A. Pot.). 
OsTEiiWALDEK, A.'. Phocididla dii^coltpr (M. & 8.) Pol. als r.iulnispilz benn 
Kernobst. (^entralbl, Bakt. u, I*ar.. II Abt. 62 : 373. 1921. 
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IV. Htstbrialbs 

1. HypoderTTUiLacece: 

Leaf cast of larch {HypodermeUa larim Tubeuf) .“Schmitz, H.: Leaf cast of Larix. 
occidentalis by HypodermeUa lariciis Tubeuf in North Idaho. Phytopath. 13: 
505-506. 1923. 

Leaf cast and witches’ broom of western yellow pine (Hypoderma deforvians Weir).— 
Wnm, J. R.: Hypodevma defomiana. An undesrribed needle fungus of the 
western yellow pine. Jour. Agr. Res. 277-2^. 1916. 

Leaf cast of white pine {Hypodermn strohicola Tubeuf).- -O r aves, A. H.: Leaf blight. 

Lophodermium braekysporum Rost. Phytopnth. 3: 133-139, 1913. 

Leaf cast of jine and fir. (Lophodermium. pinaHtri (Sohr.) Chev ).- -Tubeuf, K. 
yON: Studien liber die Schlittekrankheit der Kiefer. Arb. a. d. Biol Aht. Land- u. 
Forst. Kaiserl. Gesundheitsamie 2: 1-160. 1901 HAiFiEM, 0.: Ijophoderniiuni 

Schlitte in West-Norwegen. ZeilscJir. Pflanzenkr. ZB: 1 93-208, 1928. 
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DISEASES DUE TO POWDERY MILDEWS AND ALLIES 

ERYSIPHACE^ AND RELATED FAMILIES 

A number of families of leUied ascomycetes showing primitive ascus 
fruits on the one hand and on the othei well-developed perithecia, whwsh 
suggest either apothecial tiuits or typic i) ostiolate fruits of the Sphaenales 
or sj)htie lungi, may be biiefly chiractenzed 

1 AspergiUaceae Thf iscocirps aie spherical or tuber-shaped, 
sekiotn-hki , sm ill, him, nu rnbr inoiis or fleshy, without an ostiole and 
bieik open iiregulaily at niituiity I he isci are spherical or pynform 
ind b( Li Iwo to ( ight roiil inuous spores The iseocarps are rarely 
formed, but tin (oiiidnl si ig( js conspicuous and pioduoes many spores 
lliCK ii( hut t'\(} gcruM tinl im nt spcciil mention, ind these are 
"c ulih disi inguishc d b> lluu i onuh il loim^ 

Pnn( illfutn t oni bof)hoi (i(cl, scptitc uid bi inched, with the 
bi UK h( s upngld or nc ul\ [) u die I in iking pencil-like oi brush-like tufts, 
iMth the tcimind bi nidus or shngrnUi be uing (buns of one-eelled 
spores \vhidi i( idily scfiu lU In ccil on sptcu^ jhc comdiophon s may 
be gioupc d into coK nu 1 (see d o Iiripc ifc 1 1 1 ungi 

yls/K qillus ( omdiopboK s cimI nei illy non-scptite ind tciini 
riatid 1)\ i bulbous cnlii^cuunl \Mib iidiibU iiringcd, simple oi 
br indu d slciigiint i bi iring oiu i ImI s])or( s is in P( nicilluirn 

2 Plectodiscellaceaj Itu im k ups in stioinmc indc finite, innate 
in the ubsti duin uid e )inposii’ ot i bisil colorless p lu lu by inatous oi 
prose ndiv Til it ous poiiK}!! jii which tlu globulii isci iic irregularly 
ill iiige d, wit b supe i fill d d u k( i-c oloic d cc 11s 

PI((to(iis( (ha Vsco*' j)()i( dong ite d ti ins\ ( rs( ly ibn c-sept itc and 

llllK 

3 Pensponaceae M\c(liuin gcmiilh d uk sianctiines hyaline 
nluii \()ung ( within tlu >iubsti ilinii Pciithccn supcificnl, dii^k, 
wit flout osliolt iiid without diftc uiili ited ippcndiges t (uiidial stages 
\ uious but iu\(i of tlu^ Oidiuin foiin Ihice gc lui i fuirnsh species of 
(coiioniK unpoit incc 

Thiaana Pcnthecii gloViulii, blown, completeh do^^ecl uid with- 
out append ig(s \s(i (\iruscnt sjioic s unicdlul u -ind lenticular 
onidi i ol two types (l)hyiliiu c //c/osy^o/c s produce <1 intc in illy in chains 
III tenniiiil bi iriche^ or groups of bi iiidies, and set fice bv the rupture 
of the br inch tip ind (2) Maik-coloml, thick w died chlamydosporeis 
home in chains on hyaline latci il bi inchc's, but separating at maturity* 
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Cleisiothecopsis. — Perithecia superficial, irregularly globular, dark 
brown or black and without ostiole; wall pseudoparenchymatous, outer 
colls dark, inner hyaline. Asci evanescent, eight-spored, ascospores 
muriform, dark. The conidial fonn of the single species has been known 
under the following names: V ermicularia drcinans, Volutella circinans 
and CoUetotrichum circinans/ 

Mebola — Mycelium superficial, dark, making a sooty coating. Peri- 
thocia globose, with simple or branched appendages. Ascospores 
oblong, two- to five-septate or rarely muriform. Oonidia of several types, 
4. Erysipkace«. — Mycelium mostly superficial, hyaline. Perithecia 
dark, without ostiole, but with characteristic appendages. Asci one to 
several, two- to eight -spored. Conidial stage retorkble to the form genus 
Oidiurn. This familj /.omprises the true powdery mildews (see more 
detailed account). 

6. Microthyriaceae. — Mycelium superficial or subcuticular, dark. 
Perithecia superficial or innate, mostly shield-shaped, dark and radiate, 
generally with only the upper half well developed, opening by an ostiole 
or by the rupture of the shield. There is one important genus. 

Diplocarpon. — Perithecia spherical to disciform, on a stromatic base, 
opening by the rupture of the covering membrane or shield, and when 
mature discornyeetous in app(‘aranc(' Ascospores unequally two-celled, 
hyaline (’onidin (wo-celled, hyaline, in an acervulus (Marsonina iype) 
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THE POWDERY MILDEWS (Erysiphaces) 

The powdery mildews are obligate parasites wh^ch live lor the most 
part on the surface of host partfe making first a delicate, hyaline, cobweb- 
like growth of mycelium (in a few cases the old mycelium may becorni^ 
brown), which soon assumes a white, powdery or dusty appearance due to 
the development of numerous conidia It is this feature which has sug- 
gested the common name of the family While the powdery mildews ari‘ 
mainly leaf parasites, they may grow upon stems, flower parts or fruits. 
Some of the species cause little or no apparent injury to the\r hosts, while 
others may cause destructive diseases 



liauBtormm of trysipfu commu/n B hraiH h« d hanstornini of F gramims C liaiistori t 
ui I ncinula satin'* in epidermal and suliepidern d < oils I) inUrcellular h>pha of four 
<tlls of Bhyllaciinia cnryUn with haustoriuin from tht diHtal (dl ( from (riant 

Smith ) 

General Characters. — The characteristic features are as follows J^l) 
the external septate mycelium, (2) the asexual reproduction by conidia, 
generally formed in chains on erect unbranched conidiophores, and (3) 
the sexual reproduction by oogoma and antheridia, with the formation of 
closed s|K)re fruits, or penthecia, bearing characteristic outgrowths or 
appendages 

Hyph(? and Mycelium V\ hilc in rnpst spt'cics of pov, derv mildews the 
mycelium is suj^eihcial, the hvph<e form special sucking organs or /laoA- 
loudy which penetrate the epidermal cells or even into the Mibepiderinal 
cells for the withdrawal of the necessary food 'fhese haubloiui are of 
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two general types (IJ globular or pynform enlargements borne by 
slender penetrating hyph®, and (2) branched enlargements which very 
greatly increase the absorbing surface over that afforded by the globular 
types In the formation of a haustorium a localized swelling of the host 
epidermal wall precedes the pushing out of a delicate penetiatmg hypha. 
The swollen wall may be pushed in some distance bv the penetrating 
hypha, and may finally be ruptured and persist as a collar around the base 



Fmo 102 CoMidi il -it of mildew on the Hiirf ho of i i>c*noh leaf « porm tiilio 

from •x (o iidium Out has cermmatod ( Xfttr J ulasn* ) 

of the hauslonal filament or be earned into the cell as a cellulose capsule 
RiiiTOunding the globular enlargement of the haustorium In some 
species the hypha) form special onlargemoiits or nppressoria which appear 
to fix the hyphje more firmly to the epidermal walls of the host, and in 
such cases the haustona are developed from the faces of the appressoria 
m contact with the epidermal wall Withm the family theie is a tendency 
to the development of internal parasitism For example, in PhyllaciiNia 
roryleaf the common tree mildew, the h&ustoria do not penetrate the 
epidermal cells, but special septate branches grow through the stomata 
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into the Hubstomatal chambers and then haustbria which enter adjacent 
cells are fbrmed by these internal branches. One species (Oidtopats 
(Erysiphe) taunci) develops an internal niycelium which emerges and 
forms a surface growth previous to the organization of the spore fruits. 

Comdia ana Types of Comdiophores — The common type of conidial 
formation is by the production of rows of uninucleate, unicellular, oval or 
barrel-shaped hyaline cells in chains on the ends of erect comdiophores. 
Those comdia are detached and, accumulating on the surface of the host, 
give the characteristic powdery coating If heavily mildewed shoots are 
shaken these spores will fly away in a visible cloud Before the relation 
of the conuhal stage to the ascigeroiis stage was understood, the generic 
name, Oidium, was applied to the conidial stage of the powder^’' mildews 



Fig — TvpcH f>f c ('uidiophcm and llic d( ^ clo])nn*r>t of ( oiudi.i 1 the (onidio- 
phore 18 the Reiiciativc (cil, B vith k ■*i>eci il i oil u/i it Oit !) ise ol the ( h \iii of 

oonidia ( with ii siniiie teriiiiii il ooindiuin D 6inii)le nr hraiu h( d i onuhonin ic** (Oidiops, 
type) from ai intern'd ni>oeliunj {D afin Fot r ) 


This IS still spoken of as the Oidiiiin slage, and wlitm peiilhecia are 
unknown the mildew rnny be referred teni|>()iaiil\ lo the form genus 
Four different types of comdiophores are recognized by Foe\ (192.‘1) {1) 
the basal cell is at the same tune the pedicel and the gemeiative cell and 
gives nsf' to a chain of comdia, (2) a unicellular |M*dieil Ix'ars one genera- 
tive or mothei cell, above which a long or shoit chain of comdia de^Tlops; 
(3; the conidiophore consists of a row of ci'lls sleiidtT b(‘lo\v and broader 
above, which bears a single apical comdnim, and (4 "I the multicellular 
pedicel, or base, originates from endophytic hyplue and from this spore- 
bearing branches arise, and emerge thiough the stomata of the host, each 
producing a single comdiiim. The comdia are caj.able of immediate 
germination but are relatively .shorl-hve<l The\ Aie ihsseminated by 
the wind and othen* agents, but heavy precipitation seem'^ to be unfavoi 
able for their spiead, since *they may he washed down to the ground and 
never reach host surfaces on which a new mycelium may be established. 
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The Spore Fruits or^Feritheaa — Aftei a p)enod of vegetative aetivity 
and the production of conidia, the fungus forms spore fruits or perilheriu, 
wlneh appear as minute black dots seated in the sup)erficiai mycelium 
I'heso perilhecia, which are formed from June and Julv to the end of the 
glowing season, are at first hyaline like the mycelium, but later they 
ber(‘ine a eleai 3 ^ellow and when mature aie eithei a dark brown oi black 
In sjx'eunens collected at the right time, hyaline, \el!ow and brown 
p< rithecia may lx‘ found side by side on the same ^ujieiticial m\cehum 
Some bpecies of powdery mildews when growing on certain hosts oi und< i 
the influence of certain enviionment il conditions produce jx'uthecia hut 
ryrelv In some ‘-peoies the development of peiMheeia 1 ikes plue only 
on certain organs of the host, the mycelium on the other pirts [inxlming 
conidri onl} 



Fia 164 Sphi^rothica castagrin lertilizatioii and development of the t)erithc < nin> 

1 oofconnim (og) ^ilh the aMthernlial branch (az) applied to its surface 2 separation of the 
arithendiuin (an) 1 antherulial and odKonial nuclei have met 4 union of the nuclei 5 
fertilired c)OKonniin surrounded by two layers of hyphao donved from the stalk cell (sp 
G later si ifr( m th< (lc^ r lo||)meMt of the penthecium The cell with the two nuclei (cia) 
jgoos iiRc to the am us (A/tfr Harper ) 

A mature ptuithecium of a jxrwdery mildew consists of a globular or 
blight Iv flattened, closed body, 50 to 550g m diameter, whidi encloses one 
io several subslobuhn to p 3 nforin spore sacs or asci, each bearing 2 to 8 
uincellulai livalim asiospoics 1 lexuous or iigid, simple or ch«iracteristi- 
cj'lh hr inched outgrowths from the surface cells of the [)erithecial wall 
conMilutc the sr)-cill(<l (ippnidaqis The ongin and tlie development of 
i |K‘iithecium may bt outlined i*- follow^ a 1 dei d briruh of a hypha 
IS soparitedfby a cross-septum and enl irges to form an o\ il, (*longated oi 
slightly twisted, uninucleite cell, tlu ooqonium in id|aeerit hypha pro- 
duces i brant h winch remains more '^lender, ind uits off rt t(‘rminal 
smalUu, unmucleate cell, the anthti /dimn, from th(‘ moit < longattal jHalicel 
cell Antheridiurn and oogonium come ipto contact, and solution of a 
portion of the separating walls takes place, thus bringing the cytopla'^m 
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of the two oell? in communication The anthendwil or male nucleu*^ then 
migrates mto4he (»ogomum and fuses with the ooponial or female nucleus, 
the fusion constituting the process of fertih/ition Following fertilization 
two changes aie iiu1iate<l whuh k ul to the development of the penthe- 
cium (1) division of the t( rtilized ( cell to [iroducc a (ell aggregate fiom 
which one oi num uisc, and ^2) the pioduction of h\phal colls from 
the stalk of the oogonium whuh grow up uound the segmented egg cell 
and form the enclosing w ill of tin jx iithcamm 

In the simplest and most pninitivc of the powdei> nnlcUws, as ma> 
lie illustritod by Sphaiothcca sjiock's, th( fertilized egg celbdivides to 
produce i st ilk cell and in \pu il cell 1 be fc'rmer lemiins without 
fuithei cIiviMoii, while the 1 itter uruk rgoe*- div ision ind firoduces seveial 
cells, one of which is bmiiclc it( end develops into in iscus In the forni'. 
withsevtual isci lh( pince ss is vc i v similu but s]igbtt> meue complex, the 
end lesult bi'mg \ multudlulu iggicgitc from which the scveid asei 
ongiriatc 

Ihe will of i dcv<lo|ing pcnihcdum consists of miu r ind outer 
layer*-, the inner ( (insist mg ot hv dau (dls with duindint cv topi ism, and 
thin unmodified ((11 wills tin onp r ot (dls with scint> ( onteaits and 
modified w ills whidi hist iifionu >(lk)w Ihen diik blown I be innei 
layers occupy ill I he spue not M<(UH(d b\ th( de\e loping asci, supph 
them with food md ir( dis-ol\(d irid ippioprntcd b\ the tune the 
fieiilhccium is milmc I lie ip|)endigc*s which ire outgrowths of th 
surf ue ( ells <)t th( yx ril he e i il will uc o1 the tollowing t> fl) flexuous 
hypha-like end goner illy unbi uu h« d, is in Syihirotluc i and laysiphe 
(2) rigid ind stnight (i iiely iinbiuulud), but generillv two to several 
limes die hotoinously briiuhed, as in Jk)dosy>h i ra ind MurosyihaTa, 

ST I light md s|)ir4tl\ inrolkd or hooked at the lyx'x is in I neiniila and 
(4) rigid and '-ti ught with bulbous bisc ind more ^l( ndoi yxnnied 
extremity, is m Phyll idini i 

The y^enthccii show eithei i ruliil >i i doisuinMil structure In 
some spt'cies they lerniin iMiduo tc the substi iturn is in nearly ill 
syx^CHs of Sphirothec i md I iysif)he wink in neirU ill othcis Ihcv ue 
provided with some dfMce tor del idling them fiom tlu siibstriluni 
In Muiosphiii for ( \ imjik tlu (dls on Ihelovti suk of tlu yieiithe'- 
euim u( thmiui wilkd ind 1 ugei thm on tlu doisd or uyiyxi sijile 
Wlunllusf yx nth( < 1 1 dr \ out llu w ills ol the under side s Ixm oine con- 
e iv( uul M y) u ite from I he my(< li il thre ids bv wine b (lu > w( t< id u bed, 
Ibiis freeing th( m tiorn tlu substr iturn I lu loosi ru d |x ndie ( la may 1)0 
del a< heal smgl> or in groiiyis which ue hdd togelhei b> Ihe inhrlocking 
appenekige*- and the grouyjs may be washed down bv r iins or e urual aw*iy 
by the wind 'I he y mav lx igainhxidto i subst i iturn by tlu iniiealagi- 
nous ehtinidpi c'f Ihe hypha ind iy)pcndig(‘s when acted uyxm by inois- 
Um 'riie y)eiitbr(ia ol Pbvilidirna are si‘| tiee in an entirely dilTeieut. 
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way'. With alternate? drying out and absorption of moisture the 
perithecia are raised and lowered by the movements of the appendages. 
With loss of moisture the appendages are turned downward, thus raising 
the perithecium on s^ilt-like legs, but with moistening the appendages 
are straightened. This movement is dependent on .the structure of the 
bulbous bases of the appendages, which are thick- walled above and thin- 
walled below In this genus the upper surface of the young perithecium 
is furnished with a ring of penicillately branched appendages which break 
down into a gelatinous cap about the time the spores are mature. By 
means of this sticky cap the detached perithecium may adhere upside 
down to any new surface with which it is brought in contact. 

The perithecia in most cases are overwintering fruits, the ascospores 
being able to germinate only after being exposed to winter temperatures. 
In a few species the ascospores may be ejected in the fall under favorable 
conditions of moisture and temperature and germinate at once, but the 
general period for ascospon* expulsion is during the warm spring rains. 
The perithecium is ruptured by (he absorption of water and the swelling 
of the asci, wdiich protrude through the rupture, and spore expulsion takes 
place by 1 he successive explosion of the asci F rom t his behavior it seems 
that the ascospores are adapter! tor wind dissemination as in the majority 
of other aseomycetes. In many species of powdery mildews it is these 
wind-blown ascospores which arc responsible for the f rst spring itifections, 
since the conidia are sliort-hvod and are not ordinarily able to survive the 
winter. The first mycelia from the ascospores soon produce conidio- 
phores and eonidia which Jire resp<^nsible for the rapid summer spread of 
tht‘ mildew. It is known thai some powderj^ mildews, especially certain 
species attacking w' 0 (>dy htisrs, can survive without the production of 
perithecia. I'he grape mjld( \v {Vncinula iiecator) was known in Kurope 
for 47 years before any perithecia! formation was observed. The oak 
mildew became generally prevalent in England and on the C/ontinent 
about 1904, but perithecia wore newer found until 1911. Even in certain 
species in which perithecia arc commonly formed, it is the belief that they 
play a minor part in carrying (he fungus over the winter. In such cases 
the dormant inyeehum either hibernates m the winter buds and resumes 
activity when bud.s open in the spring, or spcTial cells are formed which 
ai;e highly resistant. 

Biological Species, The existence of specialized physiological strains 
or so-called biological species wuthin certain morphological species has 
been demonstrated by means of inoculation tests. For example, the 
grass mildew {Erfjsiphe graminis) was first sliown by Marchal in 1902 to 
con.sist of seven physiological strains, and the extreme specialization of 
this and other mildews has been shown by later studies by Negor, Salmon 
and Heed. One strain can infect oats and Arrheuathemm rlatius^ but not 
Ollier grasses; another certain species of Brornus only; another wheat and 
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related spec&s of Tnticum, while still others affect barley and rye and 
various {i^roups of wild grasses The occurrence of physiological spe- 
cial* lation has been shown for a number of other species of mildews, 
especially the cucurbit mildew {Erysiphe cichoracearum)j the pea mildew 


> I 



» t 



If)*) St tTiidncr imni of th« j < riO t m frit in» ij al nt i i of j)Om dery 

mildews 


{E polygoni with 26 foiTme spiciaUs according to Hammarlund (1925)), 
and the rose mildew (Spkcerotfm a humuh) The occurrence of so-called 
“budging species” has also been noted Foi example, a certain strain 
may affect host a and h but not f, but later the mildew from host h may 
then l>e earned over to host ( Host b may thus act as a bridge by which 
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the mildew may pass from its original host to a species that was immune 
to direct attack. The extent to which this is true remains for further 
investigations to establish. 

Classification. — The principal characters on which the genera are 
based are the number of asci in the perithecium, the symmetry of the 
pcTithecia, the kind of appendages and the location of the mycelium. 

Subfamily Erysipheas 

Mycelium superficial, sending haustoria into the epidermal cells or 
into subepiderrnal cells; asci one or several; appendages various; p<‘ri- 
ihecia radial or dorsiver.tral, and persisting or t#ecoming detached from 
the host surface at maturity. The following genera may be briefly 
characterized: 

SphfBrotheca.— One ascus; appendages flexuous, hypha-hke and 
generally unbranched; perithecia radial, persisting. 

Podosphsera. -One ascus; appendages rigid, dichotomously branched 
or more rarely simple: perithecia dorsiventral, becoming detached. 

Erysiphe. — Several asei; appendages flexuous, hypha-like and gener- 
ally unbranched; perithecia radial (except E. grumimfi), persisting. 

Trichocladia. — Several asci; appendages flexuous and simple or dichot- 
omously branched; perithecia dorsiventral, becoming detached 

Microsphaera. — Several asci; appiuidages rigid, several tunes aichot- 
omously branched or rarely simple; perithecia dorsiventral, becoming 
detached. 

Uncinula.- -Several asci; appendages rigid, simple or rarely dichoto- 
mously forked, thf' apices spirally coiled or hooked; perithecia dorsi- 
ventral, generally becoming detached. 

St BFAMILY PHALLAOTINEiE 

Mycelium superficial and sending branches through the stomata into 
the substomatal intercellular spaces, or mycelium inti^rcellulai and (‘merg- 
ing to the surface to form the peritliecia. 

Oidiopsis.— Mycelium intercellular; a.sci s(‘v('ral; appendages as in 
Erysiphe; p^^rithecia (iorsi ventral; conidioi)hor(‘s branched, emerging 
Ihrough the stomata. 

“ Phyllactinia.— Mycelium with haustoria-bearing branches entering 
I he vSiornata; asci several; appendages of two kinds: (1) rigid with bulNius 
base and pointed extremity; and (2) penicillate and transformed into 
a !riucilagint)i\s cap at maturity; perithecia dc'rsiventral, iK'coming 
detached; conidiophores simple, with single conidium. 
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POWDERY MILDEW OF APPLE 

Podosphtjera lev(Otncha (K & p].) Salm. 

The powdery mildew of the apple it* a fungous disease that attacks the 
l-year-old shoots, affecting twigs, foliage, blossoms and fruits, disfiguring, 
stunting, deforming or killing the invaded structures. 

History. -This ap])le disease was fust noted m the United States in 1871 by Bessey, 
wlio repuited it on seedling apples m the nurserv at Iowa State College He referred 
the fungus to another species of Podosphu'ra, and it wa*- not until ISSSthat Ellis and 
Everhart recognized the difference and desciilKd it as S phat oihvca leucotricha Burnll 
in 1892 changed the name to S mah (Duh>) and it was considered under this name 
until Salmon in 1900 established the identity ot the fungus and leferred it definitely 
to Po(io^ph(Pm hucoincha 

The* first extensive experimental xvork on the lontiol of applt mildew was published 
bv (lalloway in 1SSV), from studies madi* m the easteTii I nited States, where lu found 
the disease sinious on \oung trees in tlie nuiseiv Later he reported the successful use 
of ammoniacal copper (arbemde in contiolling the disease PamnHl disiussi'd the 
occurrence of the disease in Iowa m 1891 and t< - omineiwhsl llif use ot Bordeaux 
mixture instead of ammoniual cojijier caibonate Hn(‘l u polls ot tlie oci uyence of 
apple Triildew both oast and west of (lie Ihxivv Mountains wire lecoided latir, fait the 
first extensive consuhTatiori of apple mildew as a stiious dis(*ase was publelied b> 
Ballard and Volck (1911; liom their studies m the Bani’C) \alh'\, f'Hlitoniia This 
was soon followed by tlu work ot C’isIkt (191S, 1920, 1922), who eonsideied tlu‘ apple 
mildew and its control in the and regions of the I’acifa ISortliwesi 

This disease was known only from North America until IS9S, wh(*n it was leported 
by Magnus from the INk-I, but it seems jirobable that the apple mildew of (U'lmariy 
described b\ Soraii(*r in 1S8<) .should be lelcied to P hucoiricha Wliat was appar* 
entlv identical with oui Ameiuan apple mirdew was studied bv (»t)bb as prevalent in 
Australia as o.arly as 1SU2, wtiile ("iinnmgh.im (192.U his receidU gi\ en attention 
to the disease in New Zeal in d Tlu* apple mi](I(*w ot J^ngland, wlueli occurs in the 
eonidial stage only {Oidiurn fanno'^utiOj should juobabl} b(‘ 'iteiied \o P Umolnchn 
also. 

Geographic Distribution. Apple mildew Ins ))een k ported tioin many parts of 
the woild, including various Eurojiean coiintiies, .lafian, Australia, New Zealand, the 
United States and Oimula fi* the eastern I nited Sl.stes it has long Ixen present as 
a disease of nursery stoi k, and lum f>een eoinmonlv noli'd on water sjirouts of bearing 
tiers and oceasionallv on the noimal iwigs of the old trees, but it has npt generally 
been sufficiently IroubleHome to require attention in ccunnu'rcial orchards In a few 
localities in \irginia. West Virginia, Mar) land, and othtr eastern states the disease 
has been SiithcnTitlv severe to dernaml control measures In recent years, fiowever, 
the disease liasassurm'd importance as a da^easi* of bear ng orchards v\#*st of the Rockv’ 
Mountains Wliile the disease is niw fouml quite generally established in this 
liortion of tlie United States, there arc sev^eral important apple sections in which the 
trouble has developed uiiusnal seventy S])ecial nicntion should fie made of the 
serious aspects of the disease in the l^ijaro Valley of Califonna, where its development 
has f) 0 (Mi promoted fry the especially fav^orahle chmatic conditions, — moderate tern- 
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peratures with frequent fogs interspersed with clear periods. The drenching oi the 
foliage with fog and dews is common in this valley. Equally severe injury is caused in 
other but loss important apple districts of California. Mildew lias caused more or less 
(ioncem in Utah, Idaho, Oregon and Washington, but it has increased in severity in 
the central, warm irrigated, valleys of Washington, which include the most important 
apple districts of the state (Walla Walla, Yakima and Wenatcdiee). Wlnle the disease 
is very common on the coast, it does not seem to cause so much injury. It seems 
probable that the absence of drenching rams in the more acnously infected districts is 
a favoring factor, while the climatic conditions and irrigation practices produce a 
more susceptible condition of the host. 

Symptoms and Effects. — The disease is found on the foliage, twigs, ^blossoms 
and finiit of the apple. 

Upon the affected leaves the disease is first manifested in small grayish or 
white, fell-like patches of fungous growth. It usually appears first upon the 
under side of the leaves, which soon become crinkl(*d and curled. When very 
young leaves are attacked they have a tendency to increase in length but not in 
lireadth, and may become somewhat folded lorigitiidinally. The fungous 
patches rapidly enlarge and soon cover the entire leaf. In a very short time the 
affected areas are covenri with masses of powdery spores, which give the vlisease 
its name and spread it about during the growing season I’lie affected foliage 
is rendered hard and brittle and is fre(|uentiy killed. In any case it ceases to 
function normally, and a devitalization of the tree with consequent crop reduction 
results, the severity of w'hich depends upon the portion fyf the leaves attacked 
(Fisher). 

The fuiigiis causes the same white powdery ufipc^arance on the 1-year- 
old twigs as on the leaves, but by midsummer (July) the powdery condi- 
lion begins to disappear and gradually the exl(‘riia! whitish growth is 
transformed into a brown felt-like covering m which numerous minute 
black fruiting bodies are embedded, giving the affected twigs a speckled 
appearance. The infected l-year-<^*ld twigs are eith(*r stunted or killed 
back, sometimes completely, sometimes only at the tij)s, wliich are 
especially susceptible to attack. 

Blossom ini(‘ction usually result^^ from the overwintering of the fungus in t!i(‘ 
dormant blossom buds. In this ca.se the entire blossom cluster and attendant 
leaves are attacked. The floral parts an* shriveled and bliglited, so that no 
fruit is produced On account of the fact that infected* buds ‘do not open ami 
^})read mildew spon*s until some time aft(*r healtli> buds liave unfolded (usually 
about the time normal blossoms are dropping tlieir petals), there is little danger 
of general "Ijlight” spreading over the blossoms uunng the blooming p(*riod. 

Young fruits, however, are freipjently attacked shortly after the blossoming 
period, and infections may remain established on the aj)f)les until tlu* ^kin hardens 
in midsummer, after which the fungus generally docs not jK-rsist upojf tlie fruit 
The fungus may beemne established upon the apples either by spore germination 
upon the fruit o^ by spreading down the .stem In iu infected twigs. In the 
former case it is usually tlie calyx end of the*apple that is affected, but in the 
latter the basin alone may be involved. When very young apples are infected 
their growth is stunted, but a russetiiig of tlie skifi always results from the presence 
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of the, fuugu». This russeting shows a tracery of hue lines, usually as a network, 
but sometimes so closely woven that a solid patch appears. The expansion of 



Fio. 166. — Shoots of apple heavily iiifeated with powdery mildew {Podottphmu leucotneha * 

{After Fieher.) 



Flo. 107. — BloRSoms and younx leaves showing severe uttnek «)l powdery mildew 

{AfUr Fit*h< r ) 


the growing fruit frequently causes cracks to form in tlu* hardened nrea and allows 
the apple to become shriveled (Fisher). 
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The nature of the disease is such that quluititative detennination 
of the injuly or the amount of loss is very di£Eicult. The disease 
both a direct and an indirect effect on production. The different types 
of injury are as follows: (1) the leaves are 
stunted, deformed or killed, and consequently 
the tree is robbed of its power of food produc- 
tion, in proportion to the extent of the infection; 

(2) aifected terminals are either stunted or 
killed back, wholly or in part, the number 
killed being a partial measure of the injury; 

(3) the flowers are deformed or blighted so that 
fruit may fail to set; (4) the blighting of twigs 
lessens or prevents the formation of blossom 
buds, which must affect production the follow- 
ing year; and (5) the fruit which does mature 
may be disfigured by russefing or cracking, so 
lhal its market value is considerably reduced 
'rhis last effect is not uncommon in Washing- 
ton, but it IS reported as lacking in the Pajaro 
Valley of California. In general, it can be 
said that the Pajaro Valley trees in the regions 
favorable to mildew suffer a gradual decline in 
vigor and thrifty appearance, and show 
retarded growth and lessened productiveness 
unless careful control measures are practiced 
In recent years the disease has been very 
severe in Austria and Czechoslovakia. Baudys 
has reported the production of witches' Im ms 
m some varieties. 

Etiology. “Apple powdery mildew is cauvsed 
by an obligate fungous parasite, Podo^pha/n 
leucolrichn (K & K.) Salm. - This fungus, like 
all other powdery mildews, is directly and 
absolutely dependent upon its host, so there I'lu ics.— Apple m 

iicvor has been any doubt as to its causal rela- f 

tioii to the disease. Another closely related miidow. The peritheria are 
mildew, P. oxyacanlhm (DC.) De By., is some- {“krk '“auhT^i!" 
i lines found on the apple in the eastern United Fu>h<r ) 

States, but it has never been reported as serious. 

1"he pathoKone is an external parasite and spreads its delicate, cobweb- 
lik\‘ filaiiieiitb or hyphae (mycelium) over the surface of the affected parts 
— leaves, flowers, young fruits and 1-year-old stems. This funpous body 
fiKsorbs its nourishment from the underlying cells by means of ajiccial 
sucking origans which penetrate the cell cavities. The fungous body pro- 
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duces two kinds of spo^^s or reproductive bodies- conidia or summer 
spores, and ascosporea or overwintering spores. 

As soon as the hyphae have established themselves on any parts, the 
prostrate vegetative hyphae give rise to numerous erect branches which 
form chains of specialized barrel-shaped cells or conidia. These conidia 
soon begin to break away at the ends of the chains and, dropping down 
between the erect hyphse, produce the characteristic powdery appearance 
of the affected parts, which has suggested the common name of the 
parasite. Each conidiophore, or conidia-bcaring branch, lias an unlim- 
ited p)ower M spore production, so that enormous numbers of conidia may 
be produced on a single leaf. A conidium can germinate at once, and 
produce a new fungous body if it can find a new host surface on which tr) 
develop. Contact with the host surface seems to be very important, 
since germination is poor in either water or nutritive solutions (Wood- 
ward, 1927). The conidia are carried by the wind or by other agents, and 
are thus responsible for the rapid local spread of th<» mildew during the 
earlier portions of the growing period. 

By midsummer the mycelium on the diseavsed twigs has changed from 
the colorless or hyaline condition to brown, and as thc^ result of a sexual 
proceas, special spore fruits, the peniheciay appt*ar m the form of minute, 
dark-brown, globular bodies, barely visible to the naked eye (75 to 96^ 
in diameter), embedded in the external felt-like growth. Eajh spore 
fruit shows a numbe^r (3 to 11, usually 3 to 5) of long, rigid outgrowths, or 
appendages, from the upper side and some short, flexuous hyphae i append- 
ages) from the lower surface (sqjnetime.s nearly obsolete) Young 
apical appendages are hyaline, thin-walled and septate, but become thick- 
walled with the lumen more or less obliterated with age, and are dark 
brown in the lower half but paler towards the tip, which is undivided and 
blunt or rarely once or twice dichotomously divided. The essential 
structure, however, is a single, oblong or subglobose, eight-spored sac or 
ascus (55 to 70 by 44 to 50 m) within the peritheciuni. The hyaline, 
single-celled oscospores rei^ch maturity in the spring of the year and dur- 
ing the warm spring rains the perithecia rupture and the spore sacs are 
forcibly expelled and then explode with the expulsion of the avseospores, 
or the protruding spore sacs may explt^de without being exj)elle(l (Wood- 
ward, 1927). Thus the ascospores are forcibly expelled, and may be 
carried away by air currents, and fall on young foliage, when new infec- 
tions may be established. In the apple the perithecia appear to be 
confined very largely to the twigs but may occur on the petioles, midrib 
and larger veins. On the pear they are rare on the twigs, but may 
sometimes l>e produced in abundance on the fruits (Fisher, 1922). 

From the above account it might be inferred that the ascospores are 
the only means of carrying the fungus over the winter, but it was pointed 
out by Galloway in 1889 that they were of little importance, and that the 
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fungiis ovciivinters in the form of a dormant imycelmm m the'leaf and 
iiower buds This opinion has been corroborated by the wcirk of Ballard 
101 the Pajaro Valley, faliforma, by Fisher for the Wenatchee difltnct of 
Washington, and bj' W^oodward for England According to Ballard and 
\ 1 >lck : 

iiiildeiv ^rowin^ over the burface of the bhootw hab an excellent t>pportanity 
o in i)etv\eeii the hud scales and i>erietiate both the lateral and 

n Jin'll l»u<h Till'S utuallj huj>pen^, and within these buds the mildew passes 
t,t( VI (n ui n dorniant ('('iKhtion Tiie lollowinir spring as the infected Imds 
)»^‘i»in 1 ) < |Kii, tfie tnddew coinniencc^s to grow and keeps pace wifh thedcvelop- 
nn fd (d i A iiid twigs Hen(( infcc t( d shoots ajipear all over the trees as 

-.(Km K- till \ le vf Out in the spring 

1 bt‘ uininport mce of the ascospoies in iln immediate spread of the 
Knun IS emphasized by the rarity of the spore fruits in certain sectiona^ 



l ] e> IN run* I in \ <»f P^jdo phiwra h urotncfia with am uh Vieinp liherated, aiao a free 
n i< Ii < td i^cd { 1/0 h^'shtr < > Jupt igr bm 712./ 

Jlv LngbiPd and the easlein Tnited States Fisher has pointed 
oi>i lb it UiiMew is in evidence in the Wenatchee district btfore the asco- 
-,p«)H^s ill evfielled, ami concludes that the ascospores play little if any 
part in spriaditic ilie dis{\‘tse It seems especially significant, however, 
ib.it I c(»pious [Jiuduction of ascospores is charaeten.stic of those regions 
in wbicn nuhh w 's severe 1 be short-lived nature of the conulia oi 
annmei ])oi(‘s would suggC'^t that they are responsiVAe for the inunedmte 
lo^'al s[)rt ad of the disease, while the more resistant ascosp^ires may be 
lesponsible for a widei dissemination and rejuvenation of vigor or 
\ irulence 

Host Relations and Varietal Resistance —While this mildew is of 
most import ance as hii apple disease, it also affects the pear, quince, cherry, 
pluiir, hawthorn and june b<UTy It* is sometimes the cause of serious 
injury in ^H^*l^ (»rehards, especially in those regions of severe infestation of 
apples, like the Ynkima and Wenatchee valleys. As observed by the 
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writer in the Yakima VSlley, and by Fisher in the Wenatchee district 
(1922), twig and foliage infection is not general, but the fruit may be very 
generally attacked. D^Anjou and Ix)uise Bonne are recorded as suscep- 
tible, Bartlett moderately susceptible and Flemish Beauty and Winter 
Nelis markedly resistant. The effect of the disease on the pear is 

. . . the production of a black or russeted disfiguration, and in some cases a 
distortion of the shape somewhat like early scab infection. There is also evidr^nn^ 
that the disease caused an abnormal drop of fruit, especially on 1) Anjou (Fisher, 
1922). 

So far as known, no varieties of apples are immune from powdery 
mildew, but varying degrees of resistance are shown. The following 
varieties have been listed with reference to their susceptibilitj": 

Susceptible 

Black Bon Davis. 

Esopus (Spitzenburg) 

Fameuw* (Snow) 

Gnmes (^loldcn 

(iravenstein . . 

Jonathnn 
Missouri 
Smiths’ (/i<kT 
Stay man 
Yellow Bellflowoi 
Yellow Newtown 

In Kngbind, 10 varieties are classed as mediuin lu susceptibility, 8 
very susceptible, while 2, Norfolk Beauty and \\ (»reest(^r IVarniain, are 
classed as highly resistant (Woodward, 19^7) 

Control. In the eaily experiinents on the control of a})plo powdery 
mildew in the eastern United Slates both Bordeaux and ainmoniacal 
copper carbonate were recommended. The development of the disease 
m severe form in the regions west of the Rocky Mountains presented new 
control problems, peculiar to the different climatic conditions. Three 
distinct lines of proceilure have received emphasis: (1) pruning; (2) 
cultural or other practices to produce vigorous early growth, and (8) 
spraying. In the regions of severe infestation no single practice will give 
adequate cont rol. In well-cared-for orchards, in which it is possible t^o use 
lime sulphur for scab, mildew causes little or no additional concern. 

1. Pruning . — Winter pruning for the iv‘mo\al of mildewed shoots 
which carry the fungus over the winter should bo practiced. Uuring the 


Location i Renistant i Location 

' I ! 

1 ' . ' 

Wcnalohcc Valley Langford Pajaio Valiev 

Pajaro Valley Red .Vstraehan Pajaro Valley 

WenatchiH" Valley 

Wenatchee Valky Rhode Island Pajaro Valh'y 

, Greening 

\\ •nalehee Valiev I White Perniain \ Pajaro \ allev 

W( riatcla Y i!h \ 

Pajaro \alh> Red Pennain P.ijaro 

Weiintchee Valle\ ' Winesap Wenatcht'o Valli y 

Pajaro Valley 
I’ujaro Valley 

Wenateh(*e Valle> j 

Pajaio Valiev 1 

Wenatchei* V’al*<'v 

Paj-iru Vm11c*5 I I 
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dormant season prominent infections may be» detected by the* gray or 
silvery appearance of the twigs. Careful attention to the' elimination of 
Ihese mildewed shoots will lessen the amount of the disease that will 
appear when growth starts in the spring and consequently will retard the 
spread of the disease. Careful attention to pruning is valuable for other 
reasons. Winter pruning improves the growth and foliage conditions 
during the following season and consequently is of advantage in combat- 
ing the mildew. In this operation interlacing branches should be 
n'inoved and the long, spindling branches cut back. In severely mil- 
dewed orchards it will probably be advisable to prune muchhmore heavily 
1 han under perfectly normal conditions. 

2 Cultural or Other Practices . — Careful attention to cultivation, cover 
(Tops or irrigation methods suited to the locality will help by keeping the 
trees in the best possible vigor. Puny, slow-growing trees are more 
siiscoptible to mildew than those with rapid vigorous growth. Spraying 
with erude-oil emulsions, as commonly practiced in the Pajaro Valley for 
^oale-inseei control, is reported to stimulate a vigorous early growth of 
foliage the following spring, and consequently to he of value in mildew 
control. For soils wTak in nitrogen the use of sodium nitrate as a ferti- 
lizer may bt of material aid, but overfertilizaiion should be guarded 
against, as an OKcess of nitrogen is favorable to mildew 

3. Sjuai/nuj.-- ddie first two control practices are at best only supple- 
ments to spiayiiig, which must be practiced in orchards of the regions 
favorable to mildew. The times for application of the spray mixtures are 
as folhjw^s: (J ) just before the blossoms open (pink spray); (2) just as the 
last |X‘1als are falling (calyx spray'; (3) about 2 weeks after the e*dyx 
spray ( t) about 4 weeks after the calyx spray. In cas(*s of severe infec- 
tion it m.‘iy be necessary to apply later sprays which may Ik* put on at 
inierval." of about 3 weeks until the latter part of August. These spray- 
ing dat(\s ore the same as those recommended for scab (see p. 625), but 
scab is cither absent or present in only small amount m most regions 
seriously affected by mildew It should be noted that the first spraying 
was ()mitt(‘d frf/in the recommendations for the Pajaro Valley, California, 
but it seems probable that it could be used to good advantage there also. 

Th(‘ materials n^conimended for tlie different afiplicat ions are as 
lollows* For “pmk spray/’ '"calyx spray, and the third application use 
either lime sulphur, 1 50, or iron sulphide; for later applications use lime, 
sulphur, 1 50, or iron sulphide in regions where there is no danger of 
burning or m case of light crops or severe infections in legions where 
burning is likely, or where sulphur sprays cause burning use ammoniacal 
copper carbonate (3 5 50 formula), neutral Bordeaux (4-4 ±50 formula) 
or Burgundy mixture willi lime (4-5 "A 50 formula). 

The climatic peculiarities of the Pajaro Valley, which caused much 
injury when either Bordeaux or lime sulphur was used, led to the substitu- 
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tion of the iron sulphide mixture by Ballard and Volck While this w’» 
satisfactory Wr that region, its adoption for the hot irrigated valleys of 
central Washington l(*‘d to dmstrous results 

In the Yakima Valley and in the Wenatchee Valley also, both the iron 
sulphide, lime sulphur, and other sulphur fungicides have caused much 
burning of exposed fruit (sulphur sun scald) when used after about June 1, 
when high tennf>eratures (above 90°F in the shade) and burning sunshine 
are common The coppf^r sprays have been introduced to (overcome this 
difficulty. Ip general, ih^'y are less efficient in mildew control than the 
sulphur sprays, and copper carboihite is much more exi>ensi\e ihan the 
sulphur mixtures It has also Ix^n {>i»intod out ihat d i« unsaff to follow 
a lime-Bulphui hpra> with summei oil because of ^he resultant defoliation 
and fruit drop (Fisher, 192S) 

. Various propnelaiy fircparations uf sulphur /suiHisimg c;f v^Ty finely 
divided particles are also ctTective in the control of powdery mildew^ 
especially for protectivf* spravs, Imt lime sulpluir is moic* effective when 
it is necessary to fight widl-estahhshed cases of active mildew Atomic 
sulphur, 10 pounds to 100 gallons of w^ater, has been recommended b> 
Cunningham n023) as tlie most efficient fungicuh* for New Zoalai d 
Dusting with sulphur gave sitisfactoiv c< ntrol m nursery -<»ock , 

1915), and Fisher C92>^) iep<uts or<h*>rd cordrol wtili a of 

dusting sulphur that activated b> the adddn n f p^^ 
rnanganate “Pomastin,” a prcparatioh of eoal-lar couum neres gave 
satisfactory field control (Schubcut and Hicht r, i920; 
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IMPORTANT DISEASES CAUSED BY POWDERY MILDEWS AND ALLIES 

I. Akpergillace.e 

Blue-mold rot of apples {PcniciUium expansum Link). — Hebler, L. R. and Whetzel, 
H. II.: Manual of fruit diseases, pp. 91-96. 1917. Brooks, C. and Cooley, 

J. S.: Teinp(‘rature relations of apple rol fungi Jour. Agr. Res. 8: 139-164. 
1917. Kidd, M. N and Beaumont, A.: Apple rot fungi in storage. Trans. 
Bnt. Myc. Soc. 10: 98-118. 1924. (St^e also Imperfect Fungi, p. 653.) Heald, 

F. D. AND Kuehlb, G D.: The rots of Washington apples in cold storage. 
HW/. Agr. Exp. Sla. Hul. 253: 1-48. 1931. 

Blue-mold rot of citrus fniits {Pcma’llium italicum Wehmor and P. digitaiiim Sacc.).— 
Fow'ELL, G. II. et al: The decay of oranges while in transit from California. 
U. S, Dept. Agr.y Ihr, PI. Ind. Bui. 123: 1-79. 1908. Barger, W. R. and 

Hawkins, L. A.: Borax as a disinfectant for citrus fruit. Jour. Agr. Res. 80: 
189-192. 1925. Pawcktt, H. S. and Barger, W\ R.: Relation of temperature 

to grow til ®f Penicillium italicum and P. digit atuni and to citrus-fruit decay 
produced by theae fungi. Jour. Agr. Res. 36: 925-931. 1927. 

Fig smut and date smut (Asjtcrgillus niger Van Tiegh.).-- Also called black smut and 
Sterigmatocystis smut. The form on figs has been dcRcribed as a separate species, 
A.jicuum (Reich.) Hen., and the date form was nlsi^ considen»d a distinct species, 
A. phirnicis (Corda) P. A D. Sterigmatocystis is not a type considered of 
generic worth. Phillips, K. IL, Smith, E. H. and Smith, Ralph; Fig smut. 
Cal. Agr. Exp. Sta. Bui. 3B7 : 1-38. 1925. 

Black mold of onions {Aspergillus niger Van Tiegh.). - Van Pelt, Wayne: Black mold 
of onion.s Ohio Agr. Exp. Sta Mo. Bui. 2: 152-156. 1917. Machacek, J. E.: 

The l)lack mold of onions caused by Aspergillus nigxr. Phytopatk. J.9; 733-739. 
1929 

Apple decay {.\.\pergillus spp.) - Huheh, (1 A.. The A.spergilli and their relation to 
decay in apples Jour. Agr.Jies 41: 801-817, 1930. 

II. Plectudiscellace.k 

Anthracnose of Rabus species {Plecloducella veneta (Sjx'g.) Burk.). — B urkholder, 
W. H.: The perfect stage of (ila’osporium venetum. Phytopath. 7: 83-91. 1917. 

- — : The anthracnose disease of the raspberry and related plants. Cornell 
Univ. Agr. Exp, Sla. Hul. 396: 153-1h3. 1917. Jones, L. K.. Anthraciiow* of 

cane fruits and its control gn black raspberries in Wisconsin. Wis. Agr. Exp. 
Sta. Res Hul. 1924. 
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III. PBRlflPORIACE/B 

){oot rot of totMMCO, beanoi peas, etc. {ThieUma hasicola (B. k Br.) Zopf).- -C linton, 

G. P.. Root rot of tobacco Com, Aqr Erp Sta. R’^pt. 1906: 342-368. John- 
son, Jambs; Host plants of Thielama hamcola. Jour. Agr. Rea. 7: 289-300 

1916. AND Hartman, R. E.: Influences of soil environment on the root 

rot of tobacco. Jour. Agr. Res. 17: 41-86. 1919. Peters, Lho: Zur Biologic 

von Thielavia basicola Zopf. Ber. Biol. Retehansi. Laml-u. Poratw. (1920) 16: 
63-74. 1921. Valleau, W. D. and Kinney, E. U.: Strains of standup white 

Burley tobacco resistant to root rot Ky. Agr. Exp. Sta. Ctrc. 28: 1-16. 1922. 

Anderson, P. J., Osmun, A V. and Doran, W. L.* Soil reaction and black-root 
lot of tobficco. Mass. Agr. Exp, Sta. Bid. 229: 117-136. 1926. Conant, G. 

H. : Histological st^idias of resistance in tobacco to Thielavia hasicola. Am. Jour. 

Bat. 14: 467-480. 1927. Wolf, J. G.: Black-root rot-resistant shade tobacco. 

Conn. Agr. Exp. Sta. Bid. 311: 256-263. 1930. 

Onion smudge (Cleistothecopsis drcinans (S. & T.)).— Stevens, F. L. and True, 
Esther Y.; Black spot of onion sols. lU. Agr. Exp. Sta. Bid 220 : 505-532 
1919. Walker, J. C,; Onion smudge. Jour. Agr. Res. 20: 685-722. 1921. 

: Disease resistance to onion smudge Jour. Agr Res. 24: 1019 1040. 

1923. 

Sooty mold of orange (Meliola penzigi Sacc.).— The sooty mold is commonly known 
in its conidial stage as Fumago. Some difYoroncos of opinion prevail as to 
the identity of the forms occurring on citrous specn^s Webber, H. J.: Soot> 
mold of the orange and its treatment. U. S Dept Agr.^ fhv Veg Phys and 
Falh. Bui. 13: 1-34. 1897. Arnaud, G.* Contribution filY'tudedcs Fuinagines 

Ann. Ecole Nat. Agr. MontpeUier 10: 211-330 1910 11; 12: 23 1912 

DiiiDQE, E. M.: South African Pensponaeea^ VI The haustona of the 
Mv'liola and Irene. Trans. Roy. Soc. South Africa 9: 117-127 P*21. The 

earlier claim of Maire that Meliola and related forms are true parasites has been 
.substantiated by a description of the haustona which penetrate the host tissues 

F 

IV. ERYSIFHACEiE 

• 

Powdery mildew of roses, strawberries, etc. (Sphceroiheca hvmuli (DC ) Burr ). 
Norton, J. B, S. and White, T H.: Rose mildew. Md. Agr Exjy. Sta Bui. 
166 : 73-80. 1911. Easlea, W. : Mildew-resistant roses: with some suggestions 

as to increasing their number. Jour. Roy. Hart Soc {London) 43: 253-260 
1919. Hazelwood, H. H.: The conquest of mildew^ Amer Rose Arin 1926: 
81-85. 

Powdwy mildew of peaches, roses, etc. {Sphverothecxi pannosa (Wallr.) Lev.) 
Whipple, 0. B.: Peach mildew. Colo. Agr. Exp. Sta. Bui. 107: 3-7. 19(K). 

Stewart, V. B.: Some important leaf diseases of nursery stock Mildew of rovsc 
and peach. Cornell Umv. Agr. Exp. Sta Bui 368:221-226. 1915 

Gooseberry mildew or American-powdery mildew (Sphaerotheca mors-uvee (Schw.) (B 
* & C.))— 'Salmon E. S.: The American gooseberry mildew. S. E. Agr College, 
IVi/c, Kept, on Eton. Myc. 1912: 74-84. 1912 Owens, C. E.: Gooseberry- 

mildew control. Ore. Crop Pest and Ilort. Rept. 3 (1915-1920) : 152-155 1921 

Murphy, P. A.: Experiments on the control of American gooseberry mildew 
Joitr. Dept. Agr. Ireland 29: 188-204, 1930. 

Powdery mildew of peas, dover, etc {Erysiphe polygrrm DC.).— Van Hook, J. M • 
Powdery mildew of the pea. Ohio Agr. Exp. Sta. Bui. 173: 247 248 BKXi. 
Crawford, R. F. : Powdery mildew of peas. New Mex, Agr. Exp Sta. Bui. 163 : 
1-13. 1927. Main, E. B.; Observations concerning clover diseasi^s. Proc. 

Ind. Acad. Sciences 87 : 357-359. 1928. 
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Powdery mildew of grasses and cereals (Eryaiph^ graminis DC.).-^Rkkd, 

M.: The mildews of the cereals. Ttnrey Bot. ClvH BiU. 36: 353~3S8. lOOil. 

: The" powdery mildews of Avena and Triticum. Mo. Agr. Exp. Sta, Res. 

BuL 23: 1~19. 1916, : Vanetal resistance and susceptibility of oats to 

powdery mildew, crown rust and smuts. Mo. Agr. Exp. Stn. Re.^^. Bui. 37: 1-41 
1920. Trelrask, S, F. and Tuelease. U. M : Siisceptibihly of wheal to mil- 
dew as influencefl by salt nutrition, Torrey Hot. Club, BuL 66: 41-(>K. 192S 

Homma, Y, : A statistical st\idy of the bioloKical hirms of Erysiphe graminis 
Trans. Sapporo Nat. Hist. Sac. 10: 157-162. 1929, SniULZ, (1.: Der Ein flows 

der Ernahrung des (lelreides aiif den Befall diirch Erysiphe gi'ominis DC. Vrfs'.s, 
Arch. Landw Aht. A. Pflonzenbau 3: 371- 38h 1930 

Powdery mildew of cucurbits, composites, etc. {Erysiphe cichoracro^um DO.).- 
Reed, Oeor(,e M.: Infection exj)eriment.s with the mildew on cucurbits, Erjtf- 
aiphe dihoracenrum DC. Trans Wis. Acad. Sa., A rf.s, ami Ijcti^rs 16: 527-^47 

1907. : PhvsioloRical specialization of parawitir fungi. Mem. Brooklyn Bot 

Card. 1; 34H 400. 191H. Gitba, E F ( oiilrol ol cucumber nowderv mildew 

in gr*‘enhouses. Phytopath 18:847-860 1928 Miller, 1\ A. and Bakketi', 
,1. 1 ; Cantaloupe povvder> mildew in ttie Imperial Valley. Pal Agi-. Exp Sta. 
Bui 607 : 1-36. 1931 

Powdery mildew of grape {Uncinula mentor (Schw.'l Burr ) Bioletti, F. T.. Oidium 
or pov\der> mildew of the vine Cal. Agr. Rxp Sta. Bui 186: 315-350 HK)7. 

— AND Flossfedeu, F C. H Oidium or powdery mildew of the vine. ('ol. 
Agr. Exp. Sia ('"irc. 144: I 12 lOlT^ Reddii'k, D and Gladwin, F. K . 
Powdery inihkwv ol giapes and its control in tin Pnit(‘»l Slates. R( pt Int. Cong. 
Vit 1916:117 125. 1915 Castella, F dk and Brjttlkbank, C. C. . Oidium 

of the vino, Unnnula sptralis (B(‘rk ami Oioke) .lour. Dept. Agr. Victoria 21: 
673-685; 738-74.5 1923. CJa^tflla, F i>k: Oidniin ol the \ me Jour. Dept 

Agr Victoria 23: 08 108 1924. Jai’or, II. E.: Powdery mildew of the grape 

and its control in California. Cal. Agr. E rp. Sta. Circ. 31: I IS 1929. I^ppal, 
H N , Chefmj^, G S and KA^fAT, M N . Powdery mildew of the grape and its 
control in Bombay. Bombay Dept. Agr. Bal 163: 1 30. 1931 

Apple mildew {Podospharrn leucotricha (PI Ac E ) Salm ) - (S<*c spt'cial treatment, 
p. 574 ) 

Cherry mildew (Podosphara oripjLcarUhir (fries) dcB ) (Uliow vy, B T • The pow- 
dery mildew of the cherry. (I. S, Agr (^ornm Ript 1888: 3.52-3.57 1889 

Stewart, V. B.. Some impoHaiit leaf disca.^i's of mirsiuv stock Powderv 
mildew of cherrA CorruiL Unic. Agr. Exp Sta Hai 368: 192-194. 1915 

Mauhizio, Anna M.: Zur Biologic und Syrttcniatic d(‘r Pomacecn bcwohnerulen 
PodosphuTon ('enii'albL Wakt v Par , II Abt. 72: 12*4-148 1927 

Oak mildew {Microspha^ra tpamna (Schw ) Burr.).— Buc'hheim, A. Zur Kenntiiis 
de.s P.'icheruTK'hltau.s. Ttcilschr. Pflanzenkr 34: 1 11 1921 Raymond, .1.: 

Pf^ritluVcvS de M icrospho'iu yaercina (Sidiw ) Burr, observes dans h .sud-ouest dc la 
France. Rcr Path \ eg. Entow. Agr 11: 254-258. 1921. I^etui, L. : ()H.ser- 

vazioni ed eapenenze HiiHoidio della qiierce. Ann. 1st. Sup Ear. .Noz. Firenze*^: 
57-80 1924 Haymond, .1.: Ia' *‘blaru*’’ dii clnVie. Ann fi/nph. 13: 94-12!) 

1927. Woodw ard, R. C., Waldik, .1. S. L and Steven, U N • Oak mildew and 
its control iii forest nurs(*ries Forestry 3: 38 -.56. l!)29 

Common-tree mildew {Phyllactinia corylea (Pers.) Karst.). Pali.\, i... : Ueber die 
Gattung Phyllactiiija. Her, Deut. Bot Ues. 17: f)4; 72 1899 Salmon, PI. S 

Oncertam structures in Phyllactinia. Jour. Bot. 37 : 449*454 1899. Sawada, 

K. : On the bystemaiic investigation ui Phyllactinia in hbrinosa. Heft. Ftyrtnosa 
Dept. Agr. Govt. Res. Imt. 49: 1-96, 1930. 
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V. Microthyriacejb 

Black spot or blotch of roses (Dij>locar]>on rosa (Fr.) Wolf).— W olp, F. A. : The perfect 

stopo of Aciinonema roH(p. Hot Ga:. 64: 218-234. 1912. : Black spot of 

roses Ah A nr. Exp Sta Bui 172:113-118. 1913 Massey, L. M.: Exjperi- 
inenis tf)r the control of black spot and powdery niildew^ of roses. Phytopaih. 
8: 2(^23. 1918 Ai^ock, N. L.: (>ri the life history of the rose-blotch fiinfi:ii8. 

Jhl. Misr Jr,f. Roy Hoi Unrd., Keir 18 (1918): 1-i. 1918 Dodoe, B. 0.: A 

fniihor stud\ of the morphology and life histor>' of the rose black-spot fungus. 
Myrdogm 23: 449-192 1931. Ghkkn, I"). E. . Experunent^ and observations 

on tlic incidence and eonirol of the black-spot disease ol roses. Jovr. Roy. Jfort. 
Sue. 66:’^S 30. 1931 

Shawberry-leaf scorch (hiphcarpon parliana (E. <fe E.) Stomf., R. E.; LK*af 

Seoul) or niolli^io.sc of the strawberry'. Phyiopafh. 12:375-380. 1922. Wonr, 

F. A . Str.iwben v-l(‘rtf scorch Jour. Elisha Mdchell Sa. Sot. 39 : 141 193. 
19LM lj(af sctirch di.'^^case (d sfrawbenies. N. Car. Ayr. Exp. S'#a. Tech. 

Hal 28: I 19. 1929 



CHAP'rKK XXII 


DISEASES DUE TO THE SPHERE FUNGI AND ALLIES 

PYRENOMYCETES 

Thf‘ fuTi^rx <0 ita^ t^ronp ln\<* do ilislinclnt tc^iituro of rithtr 

iTiyoeliuin or fruits Thu hit (or piuH riJlly cou'-uluf ;i very jiromi- 

Hunt slaj^u ii\ tiu lift' liistory <»! ihuso pa(hotrunu<, wtiiic* tlu* ascigenuis 
stage, wlii^h IS fiojiueiilly foiiiunl iiule})eii(]en; of the liosi or as a wapro-, 
phyto cui dc'ad parts, i-n ui luaiiy ea*<es miuli less ciru -picuour. Various 
lyi^s of coiiidial fruils rrinv pu developed uml when alone :.re known 

the fongi foriinno (hem an' referreti temporarily to tfie pro)>er groups of 

t lie F\ hfji I ( li 

TL^ A^cigtrous Fruits. I’hi' distmeiive fwdurt of the spliert' fungi 
an ^ - To, js tin nseig/o''oiis (nut, wliiah is lyr'ieall> an t«-:tio]ate 
r >,>:( This is a tzhd».dar or sae-iikf' strudure enelosmg iia a.^cJ, whieh 
genera I t iTiginau* in ^ group f*-orn the basal jiortioii id iIk' cavity i^ara- 
pl'vse*' or liJ.iuiC'Uis may Ix' pieseul (*r laekuig '’’lie ix^ritheeia may 

be sMiiT;]\ sac-liki' ea\iii(‘> itninersed in an aggregate' of fungous iD^sue, a 
slnana, 01 they may be p7o\ ideal wuh detiiiite walls In ll»e latter case 
1 h(' pentii'e.a nia\ bi' smgtc' mid (*inl/edded in the substratum, seated 
upon 1 :, diey'iiui> f>e gK'MjH'it in li.innoa tliat art' eit her eud>edde<l in 
the su[)'t rs I uni or »?*<• -supiuiieiai 'I'lie s])1h r»' fungi uiul allii*s as liere 
eoTij-.ixiered '•orisMtuu a imge part of tlu* grou]) of 7h// r//*UA v< ch'.'>, while the 
eup furigi and aihes ;irc the form^ lucliult'd Ui-der tho oA/z^/re/cs 

rile <is'*i ; O' I vpicallv eigt t-r,[ioi(d and llte a'-eospoies may be hyaline 
or dark, stiovv gioat diver'-ity of form aial ami \ from eontmuousto maiiy- 
s('plal<' As m the e.O) fi nm, tla* aseosjion's aie ^''>rcibl> exjx'iled at 
Diatiinty, but zmly a .'•ingle .astais e\piod('S .at one** In a typical casi- an 
jiscu." elongate'- until lijc iif) jiroliudes through tin' oslioje, .and v\hen tlu' 
liydiostalic pres^no' within the aseus Ixiome^ Sfilhea'iit the explosion 
occurs and I lie .spun"' an' foKably upward intf^ the air loillowing 

the collapse <'f t Vie ohl a.-^r'us wall another ascus may elongat(' to fake its 
place and soon ‘inotlar sjx-n' load is sliot into the air. Spore exjuilsioii 
continues daring fa\orable eonililioiis of (enpx'rature .<nd imhi'^l ui(' until 
the asci h.r. e .ill explodf*d iVntln*eia are thus repealing .^por(‘ guns 
which are sendinit asco^nores into the air U) be earned awji\ by air cur- 
rent'i. In a few eases the asci do not explode but the ascospon's are set 
free by the gelatinizat ion of the asci 

587 
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Clapsification. — The following is a tabulation of the orders and families 
with the important genera furnishing plant pathogenes. 

I Hypocreales 

The penthecia are soft leathery, fleshy or membiaiious and are never 
hUuk but show \ari()us other colors, such as buff, yellow, brown, red or 
purple The mycelmin is also light or bright colored but never black 
The j^erithecia are globular or flask-shaped, free on the substratum, 
embedded in a superficial mycelial weft or subieuluin or seated on or 
sunken in a stroma In general, the ostiolate penthecia ha\i a thick 
wall of more or less pseudiyparenchymatous eliaraeter, but in (^laMceps 
the wall*^ of the pcuithecia are noi differentiated fioni the stroma 

1. Hypocreaceae. A single family with the chaiacienslics of the 
Older 

Neihia — Pentliecia soft membranous or fleshy, yelhwv, red or brown, 
single or grouped on the substratum, on a subiculum or in or on a fleshy 
stroma Spore ^ iw'o-colled, ellipsoid, blunt or pointed, generally hyaline, 
l)ut rarely reddish CVuudi'il stages piominent and various 

Calormtna IVritheeia n d oi yellow , free (^r si ati 0 in a whiti cottony 
ladiate siibieuluin Spores elongated, hyaline, iour-ei lied 

(hhbeiella -Penthecia transparent bliu or Molet, free oi se,iied«on an 
effused or fleshy stroma, and scattered oi gioufied Spores ellipsoid or 
fusoid, four-celled, hyaline ("onidial stage a Fusanurn 

Claincep^ I)e\el()ps in the manes of grasses or sedge*- and toims 
horny sclerotia which replace the seed ()\ ei s\ inteied scleiotia produce a 
number of cylindrical stalks each bearing d globular head t'^tiorna oi 
leceptaele) in ihe periphery of which (hi asei are borne in peril hecial 
cavities without differentiated walls Asei eight -spored, ascosjxire^ 
eontinuous, fascicled, needle-sha|)ed and hyaline A conulial or Spha- 
celia stage i-> forme(l duruig the eail> jK*riod ot (le\ t lopiuent of the 
selcrotia 

Ustilaginofdea Comdia-beanng ^eleiotia leplace gram of host 
comdia 3 ontimious, globose greenish, echiriulate, peiilbecia in a stroma 
as in CflavicopvS 

Epichlw Stromata smooth, fleshy rnembraiKuiH^ -Kuir-ounding the 
culms and leaf sheaths of \arious grasse*-, white at first, becoming reddish 
brown Penthecia irnmer'^ed, spores filament ou*-, breaking up within 
the asci 

Cordyceps.- -Doy(^\o\)i^ in the bodies of adult (»r lar\‘il stages of certain 
insects, a few in subterranean fungi, trunsfoirning them into mummies 
or sclerotia, from which stalked stromata are de\ ('loped Penthecia 
embedded in the enlarged tonninil portions Ascosiiores filamentous, 
breaking up within the asci 
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'II. Dothidialeb 

Mycelium forming a sclerotia-like stroma, generally within the sub- 
stratum, but becoming free by the rupture of overlying host tissue 
Stromata black superficially but pale or light colored in the intcrioi 
(stromata are soraeliines superficial from the first or remain permanently 
immersed). The perithecia are simply ascus-containing locules in the 
stromata and are without differentiated walls. 

1. Dothidiaces. — Characters as indicated for the order. 

Phyllachora . in the mesopliyll of leaves, remaiiang covered 

by the epidermis. Ascospures continuous* hyaline 

Plowrightia —For the most part in branches of trees or shrubs and 
forming a compact superficial stroma on which the perithecia are borne 
Ascospf^res ovate, two-celled and hyalini' 

Dothulella - Similar t(> Phyllachora, hut ascos[>ores hyaline, unequally 
t wo-celled 

III SrH/KHIALhS 

The Sphceriales, or (he sphere fungi, are charac'tenzed by the foiina- 
iion of typically ostiolate, mo'^tly globular fienthecia with well-developed 
walls, which constitute a dL^(iiicti\e chauicKo as c(»ntiasled with the 
Hy|X)croiiles and th(‘ J )o(hi(li-iles Fhi* jxu-itliecia ir<* <aib<uious, soft 
l(‘athery or membianoiis, biilihs tougli »>t delicate, single oi grouped 
and may be immeisial, enimjKUjt or sujxuficial on the subslialum or m 
connection with eithei u ^ulnculum or a well-de\ eU»j)<*d ‘-lioma The 
ostj\»le oi the jK*ntlje<-mm e M)in(‘tinies only a cncular ofHuiiiuj m tliefree 
end but more frequently it is at the tip of a shoit papilla, an elon^atcrl 
Ix'ak OI a long, sleixiei neck, many Mines the huigth ot I he bo<ly of the 
iKTithecium firojieT The various hums of ostioles may lx found m both 
free and stroinatic species The spores .ire eithei hyaline ir dark and 
great dneisiiy is showm in foirii and septcdion, varying from globular to 
aciculai and from continuous lo septate forms, either linear aggregates or 
muriform masses The light or dark (mostly the latter; myeeliuni n- 
either in or on the substratum and may be filamentous or compacied into 
stroma-like aggregates 

The Sphienales consist of numerous fo.olies w’hieh differ from ee/*h 
other by only slight characters The number of genera and sfxjcies is very 
large, and while the number of parasitic species is small as contrasted 
with the saprophytic forms, the group furnishes a consideraljle number of 
very important plant pathogenes The .saprophytic forms may occur 
on various substrata, but they are esfK'cially abundant on decaying luTba- 
eeous stems, woody twigs or leaves. Of llie parasitic sjKxaes, the great 
inajonly have retained the *sapropliy t le habit for the iHuUheeial stage, 
while a comdial stag(‘ d(‘velops on tlie living parts of the liost. 'Hie 
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fxjnthccial stages may reach mat untv oiily after tfie old dead hobt tissues 
(sterns, twrgs, cankers, fmits or dead leaves) have been subjected to 
winter tenipt^atures, and for this nason I he ascospores have somclimes 
Ueii designated as the winter spores,* while ttu conidia ha\e been 
( died the ^^sujuraer spores’" This (onditH)n does noi alwa^®* prevail, 
bn I in some fonns iiseos|K)jes an ni'^tured win nf \ « r conditions for growth 
ipe ilToided, wink conidi i nia\ b* dcvclopid ( ^cn dining the wintei 
iK^nod wluii till tem|:)ei<itnri h ne inoik i itc 

'1 he most import int /onv'ri it ihi v uioi ^ f imilies fuinisliing plni t 
p thogi nes. will be i,i\eii bill f ( h irictcri/ation iO tiu fillowingkcy b ised 
pnruifallv upon '-])<, (1 ai iete!‘- 


1 *S| or< r M < ( l( 1 illl ( 

t P< ri t liw 1 1 ( 1< t Irt <i vMt 1 tiaii 
it r cntlu i 1 j ^ni > jtt 

li Strori i ly( kin^ 

j n M ( i t l« It » ] c ik < ^ t ihI smgU 
rON < i lor t r f(l in ! n i \ K d J * t# r 
J\lUh< (1 ir»Kp lUt 

P tr i[ i\ ‘'t pis nl 

l^i i])t U kii ^ < i f n u o I 

h^i )ri I \ I ) i 

1 ^ ( tr 

Sr> f 1 ^ \ I 1 t r 

Spoi SI *, 1)1 < 

Stfot) H IJ< i ‘ fK I ( I I I (( 

n Snori s ( F ( ( • III (I 1 ilk 

1 Pm h ( la s ipi r hi I I r s iru 1 1 ii t In s ih t r 1 iini j 
\ji iptll ill 
Spin rost Oi 

1 ^ Pi »’ll jlM I } i Stl( III i 

Sti n 1 1 liisk-lil i 
Stronu pui\ in it 

Strom i I liil -^har i i i r hr im h i 
III Spoils t \o M lit I hs im I 

1 Stii m i Ilk ih 11 1 V f>oi 1 or \ il I j I 
\ 1 Stio la or inji!:* o hi n v iNoid 
1 t I Strotiia I Ji ^ iiif- 

B IVrPliiMi Hool* iiiu» 1 or pi()t»-ii i Mjf 

( \.s{ i I liu ki n< il t dn i mi uitl pio\ i(l< (i viil 


7 r? ft) / / arifi 


< 1 1( It sii t uli L 
( a(i II a 

^ } lUi M>r 

1 

I It 

<' J4 '<■ 

' f I in 

f I u 1 } 


t (Uimn 
1r ;i / / hcf u 

\ t t U <i 1 
II n ifU 
\ I 1 t 

n // 

/ I / )tnt, i 


t ti r il < imil 
( f </moni i 


(( not WUi ki I < <1 or w itlionl a i< rmtii il ( i n t 

Spoil Mi VM \ u mml sm ilMovv t m 11 nt ofi shoitK I ' tint 
matiintv ( uiq’nurfhn 

\ Xhfio^phcmlUi 
^ I) dt/iruUtna 

IIB Penthfiii sotose it apex iiiirnorsnl tml litir protnidiJiK or siipir 
hull \ intuna 
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ERGOT 

Claviceps purpurea (Fr.) Tui. 

Ergot is a disease of cereals and wild grasses which attacks the 
inflorescence, causing the replacement of certain grains or kernels by 
black or dark-purple, horny, spur-like structures, the ergoiSy or sclerotia 
of the pathogcne. The name is of h'rench origin, being taken from argot 
or ergoty meaning ^^spur,*’ a term used by the early French writers. It 
has sometimes been referred to as spurred rye, cockspur or black grain 
of com in England, but ergot is the name most generally employed in 
America. The most common German name is Mutterkorn.’^ It is a 
disease of outstanding importance because of the medicinal properties of 
extracts of the ergots, and because of its causal relation to a disease of 
man and animals known as '^ergotism.'’ 

History.-- ~Th(» earli(‘Ht cxporifiiros wilti (‘rgol are pro})ably coiinecl(Ml with t^pi- 
(h‘inicH among pcoplr amt .MniiiiHlH At thf^ time of Galen, a Greek phvsieian (A. I). 
13(>“2(K)), epideinies of hiiinan disease were attributed to grain impurities, which 
won* probably ergot. The use of ergot as a drug was practiec'd long before its true 
natur(‘ was known. Various ideas as to the nature or cause of ergot prevailed, some of 
which were as follows: (1) a degeneiate kernel with the external covering consisting 
of the inti'guinent of the rye kernel; (2) due to a superabundance of nutritive material; 
(3) duo to la<'k of pcpiilibrium in the jirocess of fertilization or failure of i\m dower 
to become fertilized; (4) wounding of plants or heads by certain insects; (5) abnormal 
fermentations during moist weatluT; (0) improper soil. 

The coiiidial or honey-ilew stage of ergot was recognized as a fungus, and named 
Sphacelin segetum by LiVoille (1S27), but he ^ehevo<l this to be a parasite on the ergots. 

Candolle had previously named the ergots, or fir]vroimy Scleroti uni cln run (1S15). 
Mf*yen (1841) published ob.scrvatkvns w hich sJiowed that ergot w as develojied from the 
Sphacelia stage. The gcrmmntion of the cigots was noted by Fries (lS4t)), and he 
named tiu* perithecnil fungus tSpfopria purpurpuj but believed it to be a fungus entirely 
ind(*pendent of the cunidial or Spbucelinl stage. 

The first com]dete working out of llu* life history of the ergot fungus is to b< 
credited to the celebrated French niycologi.st, Tulasiic (1S53). Since that time the 
common ergot of rye and other grasses has been called (Hancept> purpurea (Fr.) Tul. 
Ergot IS frequently mcntiom^l in botanical and pathological literature, and although 
AlanasotT (1920) records 305 titles, but few' present im|K)rtant additions to our knowl- 
edge of the disease. Special mention may be made of the w'ork of Stager (UK)3-1912) 
on pathogenicity and race specialization, of Falck (1910) on ascosjiore dissemination. 
Bonus (1921), Hecke (1922, 1923), Fron (192()j, Kirchhoff (1929) and McCrea (1931) 
havf* dealt largely w ith methods of artificial culture and physiologic propertii's. 

Geographic Distribution.- - Ergot has been n'lKirted on w>mc of its hosts trom ;ill 
the continents and from New Zf^uland. It has been found as commonly at bigli 
altitudes, up t) the upper limit of cereal cultivation, as at lower n^gions. In the 
ITiiiteil Slates it seems to la* most frecpient in the region from the New England states 
westward to the liockv Mountains, and has even been of some importance in iH>rtion.<i 
ol the open plains country of the northern Mississippi Valley. It is relatively ran* in 
the Pacific Northwest, but lias htsMi n*|>orte<l more freijucntly oi: barley than on rye 
It was of very general occurrence on fliiriim wheat in North 1>ukota in 1921. In some 
oouiitrif'S in whieh il ocimiis ii is re|)ortf‘tl Ihul ergot cka'w not have ho general a ore v a- 
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lence as some of the otlier cereal diseases^ but shows a m^re local occurrence, •a pjMir- 
cntly bomg favoicd by inoiintamous or wooded country in which there are sheltered 
viillevs protected from the lull swiH'p of the winds Sudi conditions do not, however, 
exist m North Uakotii, a wind-swept plains country, vet ergot is smnct lines cpiphv- 
totic in that state Europiniii countri(*h, csp<»cialb Rnasia, and iiiso Siberia in Afir» 
liave been th(‘ source of the most ot the commercial product Ergot was epidemic m 
Russia m- 192()-192R Tomsk and Omsk, in Siberia are reportini important (‘rgot- 
trading centerb 

Symptoms and Effects.— Ergot is not generally noticed in the field 
until the appearance of the dark or violet-colored, spur-like bodies which 
— ^ 1 



Fio 170 — Ergot on wihl wheat gr?S3 


take the place of ceil am grams m the lui ds or panicles oj the affected 
host These f/r/o/s oi are generally longer and laigei than nor- 

inal grams and < oireqiienlly piouudt‘ fnun tlie glumes Ji'- eniibpieuous 
struct urcb. They arc more oi less*oylmdne, su Right oi fiequentiy 
curved, sinootli oi longitudmaU> fuiniwed, hard or horny and *whitc 
^\ithln the ext ei mil vioiet or dark-eolored extenor These sclerotic ni*y 
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\'ary from one to many in a head, and may be scattered throughout the 
inflorescence, but are frequently more common in the lower or middle 
part. 

In sue the sclerotia vary considerably, depending first upon the size of the 
flower glumes in which they are produced and second upon their number in a 
^mgle head. The smaller the flowers are the smaller will be the sclerotia. In 
most cases they are one or two times longer than the flower glumes, although 
they sometimes may become much longer. In rye they are 1 to 3 centimeters 
long and up to 8 millimeters in diameter. Sclerotia from Molinia ccerulea are 
from 4 to millimeters long and 1 to IH millimeters thick; from Poa annua 



Fio. 171. — Ergot on wild rye grass. 


they are scarcely 3 millimeters long; from P. pratnms they are never longer than 
6 millimeters. On Ely mm canadensis they are almost if not fully as long as on 
rye (Atanasoff, 1920). 

Previous to the organization of the sclerotia the affected grams may 
oe noticed. Very early in the infections, a sweetish secretion, the 
so-called “honey dew,'’ is formed by the developing fungous structure and 
oozes out through the glumes. As the structure becomes evident this 
secretion is frequently continued and shows as a sticky mass over the 
surface of t\^e fungous structure. A shriveled tawny remnant of this early 
growth will be found persisting on the apex of the ripening sclerotium, 
forming the “cap,” which finally drops away. 
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Ergot produces purely localized infections^ attacking onlx single 
florets. The ergots or sclerotia are not produced by all of the infected 
florets, and these incipient infections are marked by the presence of 
blasted kernels and empty florets. It has been recorded for rye that “of 
730 ergotized spikes, 47 per cent of the florets either held blasted kernels 
or were empty, and 10 per cent held sclerotia. Of 651 unergotized spikes 
only 31 per cent of the florets either held blasted kernels or were empty 
(Seymour and McFarland, 1921). Diseased spikes 
have also been shown to be shorter and lighter than 
unergotized spikes. Some of the ergots will fall to 
the ground before the grain is harvested, but others 
will persist and be mingled with the normal grain in 
the threshed product. In any grain or seed crop, 
ergot will cause a decrease ir yield and a lowering of 
quality and m a hay crop a lowering of quality 
because of the poisonous properties of the sclerotia. 

Salmon estimated that 20 pounds of a wdld rye 
hay (Ehjrmis virgnucus suhmui icus) that was heavily 
infected c(>ntained about 4 ounces of ergot, and that 
some Illinois rt'd lop carried 1 pound of ergot to 75 
pounds of hay. A Nebraska hay composed of a mix- 
ture of western wheat grass {Agiopgron oaridentale) 
and vari('iis wild ryt's has been estimated by Heald 
and beiers (1906) to (*<mtain as high as 5 to 6 per 
cent of (U’gol by w(Mght These illustrations are 
Ivpical of conditions which have been leported from 
ottier count rics. 

d’he acluai dccri'aM' lU a of a seed crop van(*s 

T . , ' , . , . , . liG 172. — Ergot on b(»Hrd- 

with the season in 'those regions m which ergot less barley. 

is prevalent. In 1917 rye was so heavily infected 

in some Wiseonsiii fi(4ds that nearly every head had one or more 

sclerotia, and cases where 20 to 50 per cent of the heads were ergotized 

have, bee'll not uncommon in lH)th iMirojtf' and America. An average 

annual loss of 0.3 per et'iit has been estimated bu* German rye fields, while 

in itussia a decrease of yield us high as 20 jier cent has been rep<»rte<l. 

Ergotism. Since early tunes ergot lias been knf)wn to cause disease 
in both man and animals Kpidemics wen* fairly common m the Middle 
Ages and many of those known as “ Ignis sacer ” are supposed to have been 
due to ergot. The “Holy Fire" of Spam and Franee in 922 was believed 
to have been ergoirism. h]pidenues ha v^e become rare In the last few 
centuries and, with the modern methods of milling, ergotism has Ix^corne 
unimportant as a ilisease of man. F^ven m recent years cases have been 
reported among the peasant classes of Europe, presumably from eating 
bread made flow ergot -containing grain. The maximum tolerance of 
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erjrot establisBed by ih(;,Soviel Republic during the epidemic of 1926-1928 
is 0.15 per cent. In connection with this epidemic a curative treatment 
was developed consisting of intravenous injections of 5 to 25 cubic centi- 
meters of a solution of magnesium sulphate at intervals of 1 to 2 days. 

l^rgotisni ah known now is a disease of bo vines caused by the consumption 
of con8ideral)le quantities of food contaminated l)y ergot, Equines are appar- 
<*ntly less susceptible than bo vines, although horses have been known to suffer 
severely from this disease (Atanasoff). 

, Other domestic animals and chickens are also affected. The feeding 
of ergot ized hay or grain may cause losses lo stockmen as follows: (1) 
from the impairment of the general health of animals when consumed in 
(quantities too small to give rise to the pronounced symptoms of ergot 
'])ois(ming; (2) from the production of abortion in cows and mares; (I^) 
from either spasmodic or gangrenous ergotism, when ergot is present in 
considerable quantities or is consumed in smaller (quantities through a 
considerable qxu’iod. 

The gast(T()(‘nt(*ric sv]n|)toms of th(‘ disc^ase ar(‘ an ('\cTssive salivation, 
accompanicni with nMlncsN, bhstormg inflammation and wasting gangnni/ation 
of the mouth (*pitliclnim Similar rhangcs als<» occur on th(‘ cpitl)(^liiim«of th(‘ 
gut, i)roducing vomiting, colic, diarrlK'a and cotistiqiation In the .spn.vmod/r 
tffpe of the diseases symptoms of oviTstimulation of the central iktvoiis system 
apqiear. Tlien^ app(’ar al.M) tonic cfmtractions of the flexor tendons of the limbs, 
amcsthcfciia of the extnMiiities, muscular trembling, general t(*tamc spasm, con- 
vulsions and delirium, X(tvous plienoimma, such as ins(msibility, blindness 
and paralysis, also ajijx'ar (Atanasoff, 1920) 

Gtjnqrenons ergotism is a ehiome condition due lo the cumulative 
effect of consuming (‘rgot Ibrougb a jirolongc'd ])eriod It is suppos(‘d to 
Ix' duo to the prolong(‘d constriction of walls of the arteries and cajiillaries, 
producing coldness and ameslhesia of the extnunities, followc'd by a dry 
gangrene. In this jdiase of th(^ disease this gangrene may cause a loosen- 
ing and sloughing off of the hoofs, tips of ears, lip of the tail or a slu'dding 
of teeth and hair. This gangrcuie progres^?es and tlie affected parts shrivel, 
harden and finally drop away without pain. Affected animals gradually 
Ix'come more and more emaciated and death results. 

()n(‘ of the early reports of gangnaious ergotism was by Handall 
fin 1849), who^called atti’iilion to this disease among cattle in New York. 
A number of serious outbreaks in Kansas, Missouri and Illinois were 
inv('stigaled by Salmon (1884), and it is worthy of note that veterinarians 
at first mistook the trouble for foomand-mouth disc^ase. In more recent 
y(‘ars outbreaks have Ikmui reported in Iowa (1892), in horses in Montana 
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(1899), in Nebraska (1906), and forage poiaoning^dii^ to Clavicepspaspaii 
has been investigated in Mississippi by Brown and Ranck (1915). In 
the last case it was pointed out that the losses were not due to animals 



Flo 173 — Claviceps purjnin^i 1 hypha with loitidii li, head of rye with sex^ral 
mature wlerotia, a sermiiiatcd Htierotium with several i>enthe< lal stromata, U, section 
of a penthecial stroma showiiiK the numerous i>oriphcral rj<»rith( < la F soi tion of a single 
pentheeium much enlarKed, F asrus with oi^ht filiform spores 6 ruptured aseus with 
dsfosporen protnidmg, H a smale asrospore ( t H afttr Strnyhuroer after Tuiwtnf,) 

being killed by the pioison directly, but largely through loas of control of 
the front legs, causing the animals to 4 jret down in the pasture and pensli 
trom lack of water and food, or to get down in the water at the edge of 
ponds and drown. 
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Etidlogy. — Ergot of lye and other cereals as well as a number of wild 
and cultivated grasses is due to C. purpurea (Fr.) Tul., an ascogenous 
fungus belonging to the Hypocreaceai, This fungus produces three 
distinct stages in its life cycle: (1) the vegetative mycelium, which 
permeates and destroys the young oVaries and produces a conidial stage 
on the surface of the young fungous growth (the sphacehal stage ) ; (2) the 
matured ergots or sclerotia^ which are dormant or resting structures foi 
carrying the pathogenc through the winter period; and (3) the ascigerous 
jtage, which is formed when the overwintered sclerotia germinate. 

The first' infections of the season are supposed to originate from wind- 
blown ascospores. These reach the young ovaiy of an open flower, 
germinate and the resulting hyphie soon pervade the tissues of the ovary 
and destroy them, leaving nothing but a fungous growth which maintains 
the general shajx' of the ovary. The surface of this fungous body is 
channeled or thrown into numerous folds or convolutions covered w.'th 
short conidiophorcs, which produce enormous numbers of hyaline, ovate 
or sphfioroidal comdia, 0.7 to 3.5m- During this formation of conidia there 
is a copious secretion of the ^*honcy dew,^’ noted under Symptoms, and 
this becomes filled with the ccmidia, which are detached from the (jonidio- 
phores and float out upon the surface This sphacdud stage is visited 
by insects which carry the conuLa away to other flowers and thus sj)read 
the fungus during the flowering period. The exudate is said to have a 
peculiar odor, which is accentuated by moist atmosphere, and for this 
reason farmers have said that ergot wjus caused liy ^‘stinking fogs.’' As 
growth progresses, the development o^ comdia gradually ceases, fir^t in 
the basal portion. Here the mycelium becomes gradually compacted, 
the structure thickens and the superficial liyphaB turn reddish and then 
violet colored. This change progresses gradually upwards until the entire 
sphacelial stage has disap|X‘are(l, or a brownish remnant is left lus the 
so-called '‘cap” or "tip” at the end of the sclerotium. The matured 
sclerotia on the host are cartilaginous, but later become dry and horny 
These sclerotia either fall to the ground or are mingled with the gram and 
are returned to the field with the seed. While this is true for rye and 
various terrestrial grasses, Steiger (1922) has shown that the sclerotia 
from certain gra.sscs sh(»w s^K'cial adaptations for dissemination. In 
Hrodnjpodniw si/Irnt/rmn and in CaUtnuigrosiis ejngeios^ the ergots are dis- 
seminated by the same devices as the host seeds — by barbed awns in the 
former, and by a parachute or hair tuft in the latter. Grasses which 
grow normally in wet or marshy places or along the banks of streams pro- 
duce "swimmers” or ergots which will float on water, and can endure a 
long sojourn in water without decaying, while the ergots of strictly 
terrestrial grassf*s sink in water at olice, and soon decay if kept immersed. 
The "swimmers” owe their buoyancy to a greater content of 
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After a resting period (under normal conditions during the following 
spring) the sclerotia which arc lying on or in the soil germinate by the 
production of one to several stromata, each consisting of a slender, red*- 
dish, pale-violet or whitish stalk or stipe surmounted by a reddish, flesh- 
colored or pale-fawn-colored globular head, the perithecial receptacle or 
spfuBridiumj the surface of which is covered with minute elevations, the 
projecting ostioles of the perithecia, sunken throughout the entire periph- 
ery. The stipes are from to 1 inch in length, varying with the depth 
of the sclerotium below the surface of the soil, and the capitate spharidia 
are double their diameter. The perithecia are flask-shaped cavities, with 
walls scarcely diflFerent from the surrounding fungous tissue of the 
receptacle, and eaoh opens on a surface papilla by a narrow ostiole. Tlie 
perithecia are filled with curved hyaline asci, narrow belc'W and above 
and broader in the middle, surrounded by hyaline, elub-shapeil ^XTiphyse^ 
which differ from the asci but little in form lOach ascus c<»ntains a 
fascicle or bundle of eight, slender, hyaline, needle-shaped sjion's, 50 to 
76 ai long. 

The ascospores are forcibly ejected from the asci and may then be 
carried upward by air currents (convection currents) or they may be 
swept away by the wind It has been shown by I'alck (1910) that when 
ascospores are expelled frfim stromata developed in a closed chamber 
they are projected for a distance of 2 to 8 centimeters and then arc 
carried upwards still further by convection currents He proved that 
under field conditions, with n still, moist air, com c'ct ion eurrents could 
carry the expelled ascospores (o the height of rye lieads, ,nid so ascosfxires 
could reach the flowers without the intervent urn of ram, insects or 
wind. 

Infection, whether primary ^rom ascospores, or secondary and from 
conidia, can take place only during the flowering period o^ the host 
The actual infection may bo l)efore pollination or even after fertilization 
has taken place, but only in the young condition of the ovary. The 
principal seat of infection is not (he stigmas or the free wall of the ovary 
but the point of insertion of the ovary. Spores may germinate on the 
stigma and produce long germ tubes which grow down, encircling the 
ovary, and enter at its base (Kirchhoff, 1929). The infection period is 
then relatively short for any single flore^ but is prolonged for the host 
as a whole by the successive maturing of different florets It is evident 
that ascospores developed from the overwintered sclerotia are resjxmsihle 
for the first or primary infections. Even though the conidia of the 
sphacelial stage are known to preserve their infective i^Kiw^r for at lea&t 
a year if kept dry, they are not supposed to survive the winter under 
natural field conditions. Florets infected from ascospores produce 
honey dew and conidia aftej a short incubation period, and these may 
bo carried by insects to other flowers and new infections may result 
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as long as there are any flowers in the susceptible stage. A few primary 
Infections with a8COsp<5res may, therefore, be sufficient to cause general 
infection, provided conditions are favorable for the development of the 
Hphacelial stage and the dissemination of the conidia. 

Scl^rotia are able to germinate the season following their production, 
but it seems to be uncertain just how long they remain viable. One- 
year-old sclerotia appear to be unable to germinate unless they have 
been subjected to low temperatures. Maximum germination is obtained 
by 30 to 40 days’ exposure to close to zero temperatures. The optimum 
germination temperature is IS to 22®C.; the minimum, 10°C. (Kirchhoff, 
1929). Zimmerman has shown that 2-year-old sclerotia, if they failed 
to gGi minute the first year, are still viable, whethei kept dry or subjected 
to conditions favorable for growth. Fragments of sclerotia may germi- 
nale and those which fall in the field will germinate at the same time as 
those that are planted later. These facts have an important bearing 
on the introduction of ergot w'lth contaminated seed. 

Phredisposing Factors. — There does not seem to be a consensus of 
opinion as to the relation of climate to the amount of ergot infection, but 
the majority agree that it is favored by abnormally wet seasons with 
reduced amount of sunshine. These conditions are favorable for the 
germination of the sclerotia and for the production and dissemination of 
aacosp^ires. If the weather is dry during the blossoming period, j small 
degree of infection is probable. Under such conditions the flowering 
takes place rapidly, and liability of infection is therefore much reduced. 
Any conditions which prolong the duration of the flowenng period or 
cause the glumes to remain open are conducive to ergot infection for 
example, cool weather or poor stands which increase stooling. 

It is generally agreed that grasat's in low, damp ground are more likely 
tf) be orgo^ized than those growing in dry soil. Ergot is frequently com- 
mon along stream valleys, on the north border of woods, on north hillsides 
in protected coves and in shady places, since such localities favor the 
development of the ascige^rous stage and the dissemination of the aseo- 
spores. Ergot is frequently more .severe in protected valleys which are 
free from the sweep of strong winds than in the open wind-swept plains. 
It has been noted that broadcasted grain is more subject to ergot than 
drilled fields, and this may be explained by the deeper seeding of uniform 
depth, which will shorten the flowering period and would probably bury 
the ergots too deep for the production of the perithecial stage. 

Artificial infection under field conditions has been suggested as a 
commercial source of ergot, and tests have given variable results, Fron 
(1926) secured 20 per cent infection by use of conidiaE cultures; McCrea 
from trials ia Wisconsin (1931) reported field culture not commercially 
practical. Several workers have teen able to produce sclerotia-like 
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structures in artificial cultures, and according McCrea (1931), 
has been dejnonst rated for the first time that this fungus develops in 
saprophytic culture the three chief active principles which are charac- 
teristic of extracts made from the natural sclerotia, viz.j ergotoxin, 
histamine and t}^ a mine.’* 

Host Relations. -In addition to various wild and cultivated grasses, 
Claviceps purpurea affects rye, wheat, oats and barley. It is the most 
common on rye and is only rarely of economic importance on the other 
cereals. It was common on wheat in North Dakota m 1921 and in 
France particularly in the province of Am, in 1922 (De Momctiult, 1922). 
It was first noted in Iowa on oats in 1911, but had been previously 
reported on that host in Algeria. It has recently been studied on oats 
in that country (Chrestian and Ducellier, 1922). Wild ryes appear to be 
more susceptible than cultivated rye, presumably because the glumes 
remain open for a longer time. The extension of the period of open'' 
spikelets will also explain why late rye is more ergotized than early seed- 
ings. Barley varieties sViow considerable variation in susceptibility 
and this is explained by the fact that they vary in possessing wide-open 
or more closed florets. Among the two-rowed barleys, the variety 
erectunij which rarely has open flowers, is very resistant, while Hannchen 
barley, with its numerous op(m flowers, is especially susceptible 

The morphological species, C purpurea ^ has Intern shown b}’' Stager to 
include a numlier of specialized races, or biological speci(*s He recog- 
nized the following: (1) the rye form, which also infects barley and 
\arious wild and cultivated grasses, (2) a form on Anlhojanthum odora- 
/am, which attacks rye and some other grasses but not barley; (3) a form 
on Brachypodium silvahcum, Mihum effvsum and several other grasses, 
which does not infect rye, (4) a foim oaLohum perennej Knglish rye grass, 
which infects Brow us erecius and other Lolium species but not rye, (5) a 
form on (rlycena flmUins, which is confinid to that species A form on 
Poa annuiiy at first considereil a biologie.J sjieciea of purpnreay was 
later classed as a race of i\ mirrocephala Tul It seems probable that 
further study will yield still other physiological races Recent work 
of McFarland (1921) points to the form on wheat, wheat grasses and rye 
grasses as belonging to the typmal rye race In addition to C purpurea 
and its races, Atanasoff (1921) lists 17 ofh*‘r species occurring mostly on 
wild grasses, but with sc‘\'eral on rushes or sedges. 

Control. —Ergot is not a difficult diseaw* t(j control if proper measures 
are applied. It is of first importance to select ergot-free^sced, but if 
contaminated seed must be used it should be freed from ergot Disin- 
fection by heat or chemicals is neither effective nor practical Screening, 
sifting or fanning is not satisfactory, j^though many of the larger ergots 
may be removed by these methods Complete separation is possible by 
sedimentation, in which a* salt solution is used, the grain settling to the 
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bottom* and the ergols fioating on the surface A 20 to 32 per cent solu- 
tion of common salt has been recommended, 30 per cent being the strength 
used in Russia A 32 to 37 per cent solution of potassium chloride has 
also been used In either en&e the grain is stured up in the solution and 
the ergots which float to the top are then skimmed off or decanted The 
cleaned gram is at once washed in water and rapidly dried. Potassium 
chlonde is given preference by some because it does not injure the seed 
and can be used as s fertilizer after the treatment In addition, the fol- 
lowing measures may be employed with some profit* (1) Clean out all sus- 
ceptible grasses from Ihe vicinity of cereal fields or mow them before 
blossoming Early culling of meadows will pre/ent the completion of 
the sclerotia The burning over of hay lands on which ergots have 
matured may be of ^ alue m reducing the disease another year (2) Give 
attention to ciilrurcd practiccb, such as rotation of crops, deep plowing, 
uniform distnbutuui of feitili/er and drill seeding rather than broad- 
casting Rye should not follow rye if the soil has been contaminated by 
a previousl}^ ergot i zed crop, but a non-susceptiblc crop should be intro- 
duced in the rotation A mixed early and late rye should be guarded 
against, as well as close planting of early and late varieties Deep plow- 
ing and drill seeding w II biu y rcMdual or seed-borne sclerotia so deep that 
either the sclerotia cannot gf rnimate or the stromata will not be able to 
reach tht suTface Drill scffpmr shortens the period of flowonng^nd so 
lessens tlie eh iticc of mfrctiMi ( -{) ikc use of te^^istant \anetie8 as 
far as nrac1ic*d (s<f Ib'st Relations) 
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BLACK KNOT 


Plowrightia inorbom (Schw.) Sacc. 

This characteristic disease of plums and cherries is readily recognized 
by the black, elongated galls which appear on twigs and branches. It 
has been called plum w.art, but black knot is the name most generally 
used. 
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Hitfiorj and Oeographif Distribution. — Black knot was noted m Massachusetts in 
destructive form o\ er a hundred years ago (1811), and since 1 hat time has been treated 
in popular and scientihc literature Dunng the earlier 'years of its consideration two 
different ideas prevailed as to the origin of the knots (1) that they were due to a 
diseased condition of the sap, (2) that the> were the result of insect stuigs The first 
intimatioh that the knots were of fungous ongin was m 1813, when it was shown that 
the curculio merely lins its eggs in young juu v tissues that au already diseased The 
ascigerous stage of the pathogene had previo isly been desc nhed b> tkhweinitz (1821), 
but he appeared bo regard the combined action of a gall fly and the fungus as the 
inciting cause of the hypertrophies The idea of the insect relation was gradually 
abandoned as more attr ution was given to the fungus The hrst complete account of 
the structurb of the fungus was published bv Peck (IS72), and a few years later 
(1876) Farlow presented a ful ’ t account of the life histi of the fungus which left 
little doubt as to its causal relation to the knots Later studies, b> Crozier (1SS5), 
Senbner (1890), Humphrey MSOl, 1H931, Halsted (1891), Beach (1892) and Lodeman 
(1894) added somewhat to our knowledge of the disease and considered its prevention 
or control Dunng recent years but little detailed studv has liccn devoted to the 
disease 

Black knot was especially abundant m the New England stat(‘8 when attention 
was first directed to it, and it is lieheved to lie of Amencan origin It probably first 
affected wild species and spread from these to the cultivate<l varieties of plums and 
ehernes Whether the disease originated on the Atlantic seaboard and graduallv 
spread westward is uncertain There are some indications that it was present in 
western localities long liefoie attention was directed to it B\ 1S70 there were rejxirts 
that the disease ha(J aj)pear(d for the hist time in the vuinitv of Cnuinnati Uhili* 
it spiead v^eslwaid it novel became so common or sc' scicue in the Middle Wrst as on 
the Atlantic seaboard The disease is rare m the rcgiorn \vc‘s1 of the Rockv Moun- 
tains, except oil wild specurs It appears ' c r\ abunchritU on the native thokeeherrv 
<Prunus demissa) in \\ ashingtoii and idj ic c nt tc rrnor> hut doe's not stt.ic k cultivated 
SfHJties even wlien tliev irc growing in (Iona' proxiiiiitv to thickets of the wild hecat 
During an exptnenne of IT vcais ni Washington not a single authentic case of the 
occurrenee of the disc isc on cnltiv itcsl sjiccics li been brought t-o our ittcuition 
The disease is noi: known to occur outside of \mcric i 


Symptoms and Effects. -The black knot is first in evidence as a 
slight swelling of a twig or branch, either adjacent to an old knot or 
separate from it While this swelling may sometimes be observed in the 
fall, it becomes conspicuous in the spring after growth starts and the bark 
soon ruptures and a straw-colored or light yellowish-brown, granular 
growth fills the crevices As the season progresses the overgrowth 
becomes more pronounced and somewhat darker In the late spring or 
early summer the smrioth surface of these excrescences shows a pale-green- 
ish tinge at places and soon the entire surface becomes an olive green and 
appears covered with a velvet-like pile. This velvety surface soon 
disappears, the knot becomes darker and by late fall it has become per- 
fectly black 

The knots vary in location, qhapi' and size They may appear on 
young twigs or on older branches up to alxiut 2 im ues in diameter, and 
may originate at uay t»f the following places (1) crotches of limbs; (2) at 
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the union of the growth of consecutive seasons; (J) on fruit spurs ;*(4) at 
the tips of twigs; and (5) in the axils of leaves or about an axillary bud. 
Some of the knots may be short i}i to 1 2 incli), but they generally extend 
for some distance along a branch (several inches to a foot), and are more 
or less fusiform, although they may sometimes b»* nearly uniform in 
diameter for the entire length Adjacent knots ni iy sometimes fuse to 
form much more extended excrescences Their diametei de]»ends largely 
on the size of the structure on which they form, so they may be only a 
fraction of an inch or 1 or 2 inches in diameter. It is typical for the knot 



174 Rlfirk knot on Japaneec plum 

« 

to bi^ confined to one side of t he twig or branch, yet at times the branch is 
completely encircled 'Jlie affected structures may be straight or carved 
or even thrown into more or less of an irregulai spiral. Jf knots are 
formed at the forking of branches, they generally extend along both 
branches and also down on the main axis. 

In a tree in which the disease has Ix^en allowed to run its course undis- 
turlx'd for a number of years .the followiiig should be found if the tree is 
examined in June: (1) young excrescenees develofMal diiniig the spring 
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growth; (2) old knots that matured during the early spring; and (3) old 
knots developed during previous seasons, which are likely to be more or 
less eaten by insects and are frequently infested with saprophytic fungi. 
Some of the new knots may be extensions of old ones rather than repre- 
senting new infections. The character of the injury may be expressed 
as follows: 

Small twigs are frequently killed outright, for in them the disease soon cuts 
off all communication l>etwpeii the parts above and those below the affected 
portion, large limbs do not succumb so rapidly. The disease gradually 
extends from year to year and it may l>e a long time l:)efore the death of the parts 
beyond takes place, for such, with possibly rare exce^,tions, is the result which 
eventually follows the appearance of the trouble (Lodeman, 1804). 

Black knot has been an important factor in the production of plums 
and cherries, especially east of the Alleghanies and from North Carolina 
to southern Ontario and Maine. 

In some parts of New England, particularly in Maine and along the seacoast, 
the raising of chernes has bec'Ji almost abandoned in coriseqii(*iK*(‘ oi th(' rav-ages 
of the black knot. An idea may k* formed of the small crop oi plums iiov\ thimhI 
in New England from the fact that $2 50 was given in Bostem for a peck of 
Damsons for preserving (Earlow, JS76) 

The economic importance of the disease at a later date in 
may be judged by the fact that the Western New York ll(>rU<*u]» lira! 
Society in 1892 passed resolutions including the “dtmarid that the 
Legislature of the state shall, without delay, enact such a law as shall, in 
its enforcement and execution, thoroughly and effectually (‘^tefiinnale 
that infectious and incurable disease known as the black knot'' i Beach, 
1892). It IS also stated that the growing of chernes was nearly 
abandoned in North Carolina about 190b, because' of the ravages of 
black knot. 

Etiology, — This disease is causiHl by an ascouiycotous fungus which 
produces at least one comdial stage when the young knots appear vi Iv ety 
and olive green, and an asngerout stage in the surface of the black matured 
jenots. The {lathogcne was first named Splicer la nwibosa by Schwtunitz 
in 1821, and some other generic names were proposed later, but none 
came into general use until Saccardo assigned the fungus to tlie Dothidi- 
ales and called it Flownghtia morbosa (Schw.) Sacc , by which name it has 
been known until recent yeais. Some differences of opinion have arisen 
as to its real relationship, as witnessed by the recent assignment to a 
newly recognized order, the P^seudo&phteriales (Theissen and Sydow, 
1918), in which it appears as Dibotryon morbosum (Schw.) T. & S. More 
recently it has been assigned to the Melogrammatacese and the genus 
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Botryosphjeria (Sorauer, fourth edition, 2: 328-^30, 1921). The causal 
relation is based largely on' the presence of mycelium in the young 
knots and on the perennial nature of the infections. Aside from the early 
statement of Farlow (1870) that “we have made direct experiments to 
show that the spores of the knot on the chokecherry will germinate and 
produce the knot in healthy plum trees, successful inoculations have not 



Fig. 175. — Plowrigktia morbom. a, habit sketch; h, section of stroma and pcrithecia; 
c, coiiidiophores from the mirfare of a young knot with several eonicliophores and spores 
more highly maKtiifiod; iJ, section of a single perithecium, an ascus and paraphysos, and 
several ascosporea germinatiiu';. {AfUr Loiigymr.) 

been reported. With our present information there are several blanks in 
the life history of the pathogcne, the part played by the different spore 
forms, and the exact time and manner of infection being basell on observa- 
tional data. 

Knots may be primary, that is, direct result of infection fronx 
spores^ or secondary, due to the invasion of new portions by the mycelium 
that is already present in thfe tissues. Mycelium comes to be present in 
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the cahibium, and wh^n growth starts, the cells are stimulated to an 
abnormal activity and both wood and bark are affected. The mature gall 
is a complex of disarranged cells, the wood and bark undergoing about 
proportional increase in thickness. According to Stewart (1914), the 
cambium retains its normal position between xylem and phloem, except 
opposite the broad medullary rays, where it may be broken up and pushed 
out into the cortex, and then give rise to isolated xylem elements or 
groups of xylem cells. Many of these misplaced xylem elements are 
scalariform tracheids, while the normal wood produces only pitt^ed ele- 
ments. The mycelium grows outward in bundles or strands following the 
medullary rays (Farlow, 1876) and finally formt- a siromatic layer, or 
pseudoparenchyma, of closely aggregated fungous cells which occupies the 
surface. At this time 1 he knots arc solid but rath(*r fleshy or pulpy. The 
stromatic layer soon becomes cov(‘red with a dense coating of brownish, 
vrect, septate conidiophores (^May and June) which give the velvety 
appearance noted under Symptoms The conidiophores are 40 to 60 by 
4 to SjLi, simple or sometimes branched ana produce terminal or lateral, 
brown, continuous, ovale e(jni«lia, about 6 m long. The conidiophores are 
generally somewhat flexuous, and may b(^come geniculate due to the 
extension of the terminal cell b(‘yond the point of origin of the comdia. 
The comdia are very ea.sily separated from the points of attachment and 
a copious production follows until about midsummer. Krom^ their 
position and powdery character they are admirably suited to wind 
dissemination. 

K\'en before comdial yircxluet ion has oea.sed, the primordia of penthecia 
have been forming beneath the conidiophores, their position being indi- 
cated by minute hemispherical protuberances, Aisible with a hand lens. 
As summer passe.s, the conidiopliore.s dry up, the surface papilh«e become 
more prominent, the knots bt'come harder and more brittle and assume 
the characteristic black color of the mature galls During this time 
internal organization of the pcnthecia is proceeding, but maturity is not 
reached until nearly syiring. Jlie asci grow slowly during the winter 
months, the actual time of maturity varying with iho temperatures. 
Farlow found matim' a.scospores in abundance in February, but observa- 
tions as to the exact time when they are discharged st^ein to be lacking, 
hkich perithecium seems to Ix' a single, ostiolalc cavity within a stroma- 
like aggregate of fungous tis.sue wliieh makes up the Dody without any 
well-defined wall Each locule or peritheeial cavity filled with asci 
and sterile, filiform, non-septate filaments with slighvly enlarged tips 
The asci are about 120m in length and contain eight, liyMline, one-septate 
spores, the lower cell l>enig uniformly shorter and mrrower than the 
terminal c(‘ll. The aseos|)ores ar* oblkiuely unis(‘rial(‘ or irregular in 
ariangement and m(‘asure 8 to 10 by 16 to 20m. Ender suitable condi- 
tions of moistuie an<I teni|H‘rature the matun* aseospores are able to 
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germinate in 1 to 5 days. One or more hyph» may grow out from the 
large cell and none or only one from the small cell. 

Farlow (1876) described three types of pycridia which he found 
mingled with perithecia: (1) one with yellowish septate spores, since 
named Hendersonula morbosa by Saecardo; (2) a Phoma-like form with 
hyaline spores liberated in tendrils; and (3) a Phomopsis-like type, which 
he called spermogonia. Humphrey (1891) later described a pycnid with 
single-celled brown spores which he thought belonged to the black-knot 
fungus but he was unable to reproduce the disease by inoculations made 
with theso spores from pure cultures. Some or all of those pycnidial 
forms are either saprophytic on the old knots or possibly parasitic on the 
black-knot stromata. 

It is the prevailing opinion that infections, whether originating from 
oonidiuspores or from ascospore.s, take place soon after the dissemination 
of these reproductive bodies, since they are capable of immediate germinar 
tion. Ixideman (1894) showed that in certain cases the external cork 
layer may be interrupted by a fissure leading into the cort<^x in the axil of 
a branch, and expresses the opinion that infection takes plac( through 
such fissures or at some other p«)inls where the external cork layer is 
|K)orly developed. However infection takes place, the formation of a 
knot apparently does not begin until the mycelium of the pathogene 
ivaches the cambium. In most cases it seems that cambial activity has 
subsided or is at a low ebb by the time the mycelium reaches the cambium, 
and consequently only a few of the knots become evident in the fall 
following the time of infection. These, howi'ver, grow rapidly in the 
spiiiig and produce the coiiKlut! stage and latei the |H‘nthecia which aix' 
mature ami ready f^r ascospt>re dissemination in the spring of the next 
sciison. 

Host Relations^ -The black-knot pathogene attacks various species 
of plums and cherries. It is especially m evidence on many wild species, 
but is sometimes noti'd on one sjx'cu's v. hen an adjacent spt cies, perhaps, 
with interlocking limbs remains free, and wild and citltivated species may 
be in proximity without both becoming infected. Stewart (1914) records 
that “the chokecherry and wild plum (P. amenauia) are infected in the 
vicinity of Madison, NVis.,” and further statics that the wild black cherry 
sometimes growing in thickets of badly infested ch(»kecherries remains 
free from knots. Reference may be made again to the conditions in*the 
Pacific Northwest, where the native chokecheiTy (P. rfc?/i/.s\s‘a) is very 
generally affected, while cultivated plums and cherries remain free from 
the disease. I'hc probable explanation for this Ixdiavior is the existence 
of biological species or strains that have become so adapted to certain 
hosts that they are unable to infect others Farlow (1876) called atten- 
tion to the fact that no morphological difference could l>e detected bet ween 
the fungus on the cherry afid the one on the plum. 
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The opinion has been expressed that there is no variety of cultivated 
plum that is not subject to the disease. Farlow (1876) believed that the 
disease spread from either the bird cherry (P. pennsylvahicd) or the 
chokecherry (P. virginiana) to the cultivated plums, since these species 
are common in the vicinity of Boston, while the wild plum is very rare 
there or does not occur at all. 

TJ»e Trifloras are said to be affected less than any other group of plums, and 
the Institias rank next in immunity, although the Damson is said to be very 
subor^ptible. On the other hand, the Domesticas are susceptible, except possibly 
the Middleburg and i alatme, which are relatively free from black knot (Heeler 
add Whetzel, 1017). 

In general, cherries are reported to suffer less than plums, although 
their behavior seems to vary with the environment. In Ontario, cherries 
"are said to suffer more than plums. Sour cherries, especially the Kngl’sh 
Morcllo, afe \ery susceptible to black knot, while the Mazzard comes next 
(Farlow, 1876). Sweet cherries are so resistant that they are seldom 
infected, although a few cases have been recorded. 

Control. -The practices which have been recc»mmended for the 
eliniinalifm or control of the disease are: (1) the cutting out of groups or 
thickets of wild cherries or plums adjacent to cultivated orchards; (2) 
surgical treatment of affected cultivated trees; (3) spraying to prevent 
new infections. 1'he need of removing the wild hosts will vary with the 
environment, since in some localities they are not a menace to the culti- 
vated species. Whenever it is known 4 hat the disease is passing from the 
wild hosts to the cultivated species, other attempts at control will be 
partially nullified if infected wild hosts are allowed to remain nearby. 

In the treatment of cultivated trees several features should be kept 
in mind: (1) that the fungus is perennial in affected branches and extends 
beyond the external evidences of the knots; (2) that conidiospfircs are 
matured when the young knots show the olive-green velvety coating; (3) 
Ihe ascosporcs are matured early in the spring on old knots; (4) that 
spores are said to ripen on the brush pile. The objective in surgical 
treatment is, first, to remove all of the perennial mycelium so that second- 
ary knots cannot be formed from its extension, and, second, to remove 
and destroy the knots previous to the liberation of spores in order to 
pi event new infections. If pruning is started in time, the sscrifice of the 
affected parts will not seriously thin out the branches. The cuts should 
be made several inches below the external evidence of the knots, and the 
prun ings should be collected and burned. The knots should be removed 
when they show yellowish brown in the spring, that is, before the conidia 
have matured. A second inspection lihould be made in the fall and any 
knotsthat have been overlooked should be put out, but special emphasis 
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is to be placed on thorough work in the spring. If the trees are gone over 
carefully twice previous to the formation of the conidia, few knots should 
escape. In regions in which outside sources of infection can be largely 
eliminated, pruning alone should serve to hold the disease in check or to 
eradicate it. The neglected orchard is a menace, but in many states the 
painstaking urchardist is protected by legislation for the suppression of 
the black knot, and inspectors should have no hesitation in enforcing such 
laws as do exist. 

In environments in which surgical treatment is not effective the 
grower is left the alternative of spraying or of giving up th^ growth of 
susceptible trees. The latter has happened in a number of c£Lses, biut 
it has been shown that spraying will very greatly reduce infections. In no 
case should main reliance be placed on spraying, since at its best it must 
be considered supplemental to the surgical treatment. The recommenda- 
tions for spraying are based largely on the work of Lodeman fl894), who 
.suggeMied the following applications of Bordeaux: (1) during late March 
or f'arly April; (2) when buds are beginning to swell; (3) during the latter 
part of May, or when the new^ knots begin to show the velvety coating; 
(4) two or three subsequent applications at suitable intervals, Whih^ 
this treutinent did not give pertect control, the number of new knots in 
test plots was reduced from 2000 to 165. It should be realized that these 
recommendations rest on very meager experimental results, and that 
carefully controlled tests are needed. It would seem that more certain 
knowledge us to the time when infections occur, coupled with the use of 
stickers as employed in modern spraying, should increase the effectiveness, 
of the applications and perhaps make possible a reduction in their 
number. 
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APPLE SCAB 

1 enturui 'itupquah^ (Vkp ) Wint 

I'ho disease of the apple known as scab rnaipfests itself upon either 
leaves, blossoms or fruits and sometimes appears on the young or l-vear- 
old twigs It causes a spotting, discoloration or distortion of both fiuit 
and foliage, but it is ne^er directly responsible for a rotting of the fruit 
It IS the fruit attacks which cause the serious and fiequently enormous 
losses 

The disease is also referred to as apple scab, scurf, black spot, black- 
sfvit fungus, I'asrnaman black spot, black-spot scab and rust The 
last IS piobablv derncd from the German name, “ Kostflecken,’’ and 
should never be used, since theie are true rusts of the apple Black 
spot” is the name most used in England, Austialia and South Africa, 
while ”acab” is thi* common name^ incvst fiequently emplc^ed in 
America It is apparently the production of scab-hke spots on the fruit, 
which suggested the common name The disease should not be confused 
with the scab diseases of other host^s, which are produced by entirely 
different organisms Mention may be made of the common scab of 
potatoes due to bacteria, powdery scab of potatoes caused by a chytnd 
and citrus scab and peach scab, two entirely distinct fungous diseases 

History Scab bu n known to botanistb snue the first part of the nineteenth 
e(*ntnr\ , uni tlu oiganisin was first aesiribed and named b\ 1 ncs in Sweden in 

1819 It was hrst rei)Oit«‘d in (lermanv b> Wallroth in IHd.i Schweinitr gives the 
first authentic luord of the diMasom Ainenen, recording its presence iii New York 
ind IVnns\lvania in ISD, whdc (’urti^ mentions it as (.ommon m North Carolina as 
t.irh as lH<i7 The <*arlust ic|K)rt from England seems to have been that of Berkeley 
m ISori Fxpenmc nts on tlu control of tlu disease m AiiUTua were startcnl under the 
dirc'ction of (iallowa> of the V S DcpailiiuMit of Agriculture in ISShand 1887, and by 
l89l^BonUmix mixture was re’ixirttd to be the most efficient fungicide Since that 
tune tlu disi ise has been ire ited b\ nunii lems wiileis and a voluminous literature 
has iU i uiiiulated In PUl Monish ted '»(>') diffc ii nt public alums dealing with some 
pliasc of SI lb Much of the piibhslud iimtciial added but little to our know ledge of 
tiu diM is« Uu bulk of the woik lx mg < in pineal tests of various fungicides, or inereh 
spraMiig demonstrations S<\erd ol tlu more ini]>oitanl r(‘se*an lies which contrib- 
uted to the advaiucnunt of oui knowledge we*ie the work ol Ade rholtl m GiTinanv 
(1891 and lalei) and eel CImtem in Illinois (lb98) Beilh workers diniemslrated the 
pri senre eit in oveiwinte iing stage ot the scab lungiis on the talleii leavers, and made 
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other additional contributions to the life history of the causal organism. Bordeaux 
(^ntinued to be the standard fungicide for scab for many^ears, but in 1908 CSordley 
first report.ed the successful use of lime sulphur, and this soon came into general use in 
Oregon and Washington, while its value in the East was established by the work 
of Wallace in New York (1909-1911) and by Scott for the U. S. Department of 
Agriculture (1909-1911). Since that time lime sulphur has come into general use for 
the scab disease in the United States, except in regions where it causes serious injury, 
and the use of Bordeaux has been very largely discontinued. Inuring recent, years two 
phases have been very proiniTient in the published literature: (a) epidemiology (Keitt 
and Jones, 1920; Wilson, 1928, el nl.) and (6) control. This latter phase has con- 
tinued to offer a fertile field for reports from nearly all plant pathologists in scab- 
infested regions. . 

Geographic Distribution. —Apple scab is prevalent in severe form in all the 
European countries where the apple is grown and has been 8uffick>ntly severe ui 
Australia, New Zealand and South Africa to demand control measures. It is prob- 
ably of foreign origin and occurred on the wild parents of the apple, accomjmnying 
that host ever since it has been under cultivation. It undoubtedly came to America 
from some European importations. At the present time scab is present in all the. 
states from the Atlantic to the Pacific as well as in British Columbia and the eastern 
provinces of Canada. The importance of the disease may be evidenced by the fact 
that nearly all of the Agricultural Experiment Stations in the northern half of the 
IJniti^d States have issued one or more bulletins dealing with the character of the 
disease* and its method of prevention. It is undoubtedly the most serious apple dis- 
ease m the northern portion of the United States and soutliem Canada, while other 
diseases like bitter rot and blotch replace it somewl>at in im|.K)rtance in the southern 
range. In the earlier days of Nebraska orcliarding, the scab disease of apples was 
absent and horticulturists at first believed that the mecca for apple grow'ers had been 
found, but the disease soon appcarwl and developed with its customary virulence. 
None of tlie important apple sections east of the Rockies are now free from the diseasi', 
the region of severest infections including eastern Nebmska, Iowa, northern Illinois, 
Indiana, Ohio, southern Minnesota, Wisconsin, Michigan and Ontario, Pennsylvania. 
New York and the apph* sections of the New England states as well as Nova Scotia. 
The disease manifests unusual severity in the humid coast regions of the Pacific 
Northwest, including Oregon, Washington and British CoUiinbia but is somewhat 
more variable in its occurrence in the Inland Empire country of Washington and 
Idaho and has almost disappeared from this sei^tion during recent years. It is severe 
in the famous Bitter Root Valley of Montana at an elevation of IlOOO to 4000 feet. 
Scab also finds favorable conditions for its development m the nuiuntain sections of 
the southern states, especially Virginia and Arkansas. There are but few important 
apple-growing regions in the United States in which scab is either absent entirely pr 
present in such slight amounts as to render control measures urmec(\s.sary The most 
important of these favored regions art* the fainon.s Yaktina and Wenatchee valleys of 
(central Washington. In botli of these region.s the growers have not yet found it neces- 
sary to spray for scab. Cultural practices and climatic conditions in these irrigated 
valleys have been unfavorable for the spread of the scab di.sease, and it seems probable 
that the trouble there will never become an important factor in apple productipn. 


'Symptoms. — Scab upon the leaves may show definite, more or less 
circular spots which are brownish or gray in the early part of the season, 
but later, at least under fa\'unible cipiditions, may become even olive 
green or nearly black. These spots ^i^hen young frequently show the 
radiating dendritic ramifications of the scab fungus, easily visible with a 
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Jio 176- Api)Io Icivofl showing heavy scab infections difTusc or ^prcjifling t\p« nu (hi 
loft locahrcd spots on the right {Afttr ]l nhai( ( onnll I nn If i\ 336 \ 



1 IQ 177 nornint apple and others vanoW8l\ spotted dcfonned or atrophied as i result 

of a severe attav k of scab 
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hand lens. Later in the season the scab spots on leaves not affected suffi- 
ciently to fall from the tree may show considerable thickening of the leaf 
tissue, the brown, velvety surface becomes smoother and dull and 
occasionally dead areas drop out leaving irregular perforations. Under 
certain conditions the fungus spreads diffusely over the surfaces of the 
leaves, causing a rather uniform brown coloration. When the scab spots 
are abundant or when the diffuse form is severe there may be more or less 
reduction in the size of the leaves, with curling and distortion, la the 
severe diffufu^ tyjxj much leaf tissue is killed and the affected lea\es or 
portions of them may appear as if scorched or burned. In some cases an 
entirely different symptomology may be noted, the affected trees often 



Fm. 17S. with lurKC .srah losiouH showiim di'op (*r:n ks. 


showing much yellow foliagt The leas es may be gradually shed and a 
partial or almost complete defoliation may result. Some of the affected 
leaves will be of a uniform yellow coh'r, while others may be more or less 
variegated with yellow, brown and green. The scab fungus may bo foiiUsi 
on the isolated green spot^, the affected spots showing a conservation of 
the chlorophyll. The diseased areas may appear on either surface of the 
leaves, but the earliest infections are most frequently upon the lower 
surfaci^s. 

The seal) lesions on the fruits first show as small, more or l^ss raised, 
brown or black, somewhat circular spots with no break in the skin. ^As 
th( y increase in size the cuticle ruptures and the exposed surface shows a 
brown or almost black velvet-like appearance surrounded by an irregular 
whitish band, which represents the frayed and torn cubicle. In this 
condition, w’hich is generally reached by early July, the surface of the 
fruit lesions has much the same appearance as the leaf spots. As the 
fruit develops, the spots increase slowly in size and the central and older 
IKirl may become bare and brown and show a more corky character, whilij 
the dark peripheral zone and the band of cuticle still persist. Still later 
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in tlie season the cuticulir band may disappear entirely, and the whole 
scab lenon becomes slightly raised, and shows a rough corkymtrface, not 
at all resembling the early or midseason appearance. Scab s[X)t8 may be 
few in number or they may be sufficiently numerous to coalesce and form 
extended lesions. Severe infections are likely to cause more or less 

cracking of the fruit 

The above is the normal or typical 
development of the scab spots In 
late-autumn infections they are gen- 
erally darker, being dense and black, 
and do not break through the cuticle as 
soon as the early infections. These 
autumnal lesions seldom reach the stage 
of development when the center 
becomes baie and brown, and they are 
frequently much smaller than the 
spring infections. For this reason the 
spots of tlfis type are sometimes de^^- 
igiiated as “pin-^ioint scab” Applo’^ 
which are apparently free from scab 
when they go into storage sometime^ 
develop infections of the pin-poinUtype 
These infections may remain as covered 
black spots or in some ciises break 
through the cuticle and expand some- 
what Storage ^cah may result from 
incipient infections that were too small 
to be seen at picking time, or there 
may be new infections during storage 
from conidia originating from some of 
the older scab spots 

Scab lesions may occui on the 
blossoms during favorable years 
These appear generally on the pedicels, 
calyx or the young fruits about the 
time the petals fall There may be single small lesions or the diffuse type 
of infections may predominate. 

Scab spots may appear on the twigs, being confined to the bark of 
1 -year-old shoots. Twig infections were formerly considered rare for the 
apple in Amenca, but they have been observed in Maine, New York, New, 
Jersey, Nova Scotia, Washington and Montana. Young lesions on 
the twigs ere very similar in appearance to those on the fruits, showing the 
central spore surface bordered by the uplifted epidermis Later in the 
season the spores may disappiear and the bark show a more scaly character, 



Flo 17Q — One-year-old apple sprouts 
sboviing luimorous soah lesions 
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due to the peeling of the .bark in flakes. This type of injury is more^ com- 
mon on pear twigs than on apple and has been cSlled “grind or scurf” 
by German writers. The twig lesions may be few and scattered and thus 
may be easily overlooked, or they may be so numerous as to coalesce and 
produce more extended affected areas. 

Effects. — Scab offers an illustration of a disease which may cause a 
serious loss without endangering the life of the tree. This is due to a 
lowering of both quality and quantity of the commercial product, the 
fruit. The injury may be current, that is, affecting the immediate pro- 
duction, or it may be in part delayed till the season following a serious 
epiphytotio. 

As a result of the foliage attacks there may be more or less defoliation. 
Many leaves showing severe scab of the diffuse type or numerous distinct 
lesions fall from the trees in early summer Many of the affected leaves, 
however, persist through the growing season, but (hey are only partially 
effective in carrying out their normal work of food manufacture, since 
their producing power lessened in proportion \o the amount of tissue 
(surface area) killed by the scab fungus. Severe diffuse fonns of scab 
may kill extended areas of leaf tissue and in epidemic 3 ears many leaves 
appear as if scorched or burned. Severe foliage infect ions must , tlierefore, 
have a pronounced devitali/mg effect by lessening tlie available carbohy- 
drate food, and influence to some extent “(lie formation of fruit buds for 
the following year and hinder the normal wood growth which is the basis 
for future crops.” 

It is by direct attacks on blossoms or fruit that scab lakes its largest 
toll. Severe infections on blossoms, fruit pedicel*? or young fruits cause a 
complete blighting or dropping of the fruits while still very small. Since 
this phase of scab is more obs. ire than the others, and thus escapes their 
notice, orchardists frequently attribute this failure to set fruit to ad\erse 
climatic conditions, such as frosts or edd rains during blossoming time. 
Authentic cases are on record in which the apple crop was a complete 
failure due to the destruction of blossoms and young fruit by scab, but 
such a wholc-sale destruction is not very common even in unsprayed 
orchards In ordinary scab years, hr)wc\er, the standard spraying 
practice*? increase the set of fruit, showing that the disease is nearly 
always pausing some blighting of blossoms and young fruit. 

Kniils that escape the early severe ‘'Hacks may persist on the trees 
through the growing seiison, though exhibiting one to numerous lesions. 
According to the degree of infection, the affected fruits may be reduced in 
sizp or variously deformed, but even though normal size may be attained 
the presence of the scab lesums is a disfiguring feature wliicb cannot be 
overlooked In the fall there may be a f)romature dropping of scabby 
fruit, but it is difficult to say just hoW much of the dropping is due to 
scab. Fruits which show large lesions, or numerous ones which coalesce, 
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frequeutly develop rather deep cracks or fissures extending into the pulp. 
These are especially pronounced in such susceptible varieties, as the Early 
Harvest and McIntosh. All infected fruits must be sorted out and 
placed in a lower grade and sold for less than the clean fruit. 

The elTeel of scab on the keeping qualities of the fruit must not be 
overlooked. Scabby fruit shrivels in storage faster than normal fruit, 
since the^ijreaks in the skin caused by the fungous lesions increase the 
water loss. The losses from rotting are increased by scab, since the 
lesions offer easy avenues for the entrance of various rot-producing fungi. 
Cases are qn record in which the development of scab in storage has 
caused lu'avy loss, since it made necessary a resorting and packing. 
The careful culling out of infected fruits at packing time is an added 
burden and expcmse to the grower. 

Losses from Scab. -The aggregate loss from scab each year is enor- 
inous and even on the most conservative estimates runs into millions of 
dr)llars. The loss to be charged to scab is due to: first, the reduction in 
the total yield of the country; second, the lowering of quality and ccm.se- 
quently a reduction in the financial returns to the orchardisls; and. third, 
to the increased cost of production due to the necessity for carrying out 
control measures and the increased lalxu’ of sorting and packing. Spra}'- 
ing IS not a perfect control of the disease and besides tliere are many small 
home orchards in which spraying is not practiced It has lieen est dialed 
that there is an average annual lo.ss of more than $40,000,000 as a result 
of failure to spray apples Of course, this slioulri not all bo charged to 
scab, since otlier troubles like blotch, bitter rot, rust, etc., are also con- 
trollable by spraying. 

A number of speeifie instariee.s will .serve' 1() emphasize tli(‘ los-< from 
seal) and show llie neee'ssity for j)rac1icing lh(* knovn ronirol measure's 
It is estimated that the axerage annual lo.ss from scab in New York State 
is not less than S.H,000,000; that the damage done- in Illinois amounted to 
$6,000,000 in a single' year; that there was a loss of If) per eeait of the crop 
in Montana in 1911 and 1912; while M8 50 [»er acre' is given as the* a\ erage' 
annual loss in Australia, A le)ss of $47 pea* acre has bee'ii ('sliinale'd as 
a result of failure to sju-ay for .scab in New Ye>rk Slate, while Minne'sota 
records place the loss for that, state at $.51.40 per acre. Figures of this 
sort should seTve as an incentive to induce growers to take more pains in 
the' work of control. / 

Etiology. —Scab is due to an a.scomycetous fungus, Venturia inmffualii^ 
(C’ke.) Wint., which lives as a parasite on the leaves, twigs and fruits of 
the apple (th<? imperfect or Fuvsicladium stage), and completes its life 
cycle as a saprophyte (the perfect, perilhecial or Venturia stage) upon the 
dead and fallen leaves of the same host. 

All of the publications on scab in America dealt entirely wdth the 
parasitic or Fusicladium stage {Fusicladium dendriticum) until the work 
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of Clinton in 1901, when attention was directed to the saprophytic,s(ago 
on the overwintering leaves, and the connection Tx^twoon the two defi- 
nitely established. The connection had long been suspected (as early as 
1887), but definite proof of the relationship was first published in the 
exhaustive rest'arches of Aderhold in 1891 and later The earlier work 
of the German botanists was at first overlooked and the conclusions 
of Clinton were arrived at without a knowledge of their discoveries The 
work of Clinton and Aderhold has l:)eeri confirmed and extended by othci 
observers in this country and in Europe. Some of the most import anl 



Ik. iso CN>nidial st of \ %hIuiw inaquah^ Softion edno of a fiuit 

losiofi 6ho\\inK uplift d lutule f i?m Htioraa c onidiophort s ami <(>nidi» {Aftn 
II allacf Corndl f nn Bvl 335 ) 

fact^ which ha\e supported the rela» onship of the two forms are as 
follows 

1 l^he constant association of the peiitliecu witti leaf lemons k lown 
to represent tlu parasitic f'lage during the prcMous sesason 

2 The developincml of the A entuiia inycf hum wit Inn the falk n l(‘a\es 
directly from the stromata of the lusicladium i^tage 

3 The typical kusicladium stage n ^ ^^ing from artificnil inoculations 

made with ascospores * 

4 Piodiiction of typical I usicladium mycelium and characteristic 

summer spoies of the scab fnm^ cultur(‘^ started from ascospores on 
artificial media * 

5 Production of peiithena of \entuna in artificial cultures originat- 
ing from the Fusicladium stage ^ 

6 The relation of the first springy infect ions of scab to the period of 
expulsion of the ascospores. ' 
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Vhe mycelium on the leaves is at first nearly hyaline, subcuticular and 
develops radially with a* characteristic dendntic branching which suggests 
the specific name applied to the comdial stage This mycehum later 
develops one or more layers of closely aggregated cells, forming a stroma- 
like growth which breaks the cuticle and permits the production of 
numerous erect conidiophores exposed to the surface The older myce- 
lium and conidiophores are brownish and the numerous spores and 



fio 181 -Sottioii of i penthefiiim from in ovei wintered falUn h if (After Wallace 

Cornell I nu Bui 335 ) 

conidiophores give the scab spots a powdeiy or vdvety appearance and 
an olivaceous or almost black color On the fruit the stromatic cushions 
of mycelium 'frequently completely destroy the epidermal cells and 
extend deeper into the pulp tissue The comdiophoies aie short, erect 
straight when young, but more or less flexuous with age, olivaceous and 
continuous or one- or two-septate The conidia are lanceolate or ovate, 
with the base generally somewhat truncate, continuous or more rarely 
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one-septate, 12 to 22 by 6 to 9 m, and are produ^d in indefinite RUinbers 
from each .conidiophore. The conidia are “resistant to detachment, 
from the conidiophores when dry but quickly become detached in water. ” 
For this reason their chief mode of dissemination is meteoric water. 

While the conidial or Fusicladium stage is produced on all parts of the 
host, the iiRcigcrous or perithecial stage is formed only on the fallen 
overwintering leaves. The mycelium develops as a sapropliyte on the 
(lead fallen leaves, and penetrates into the m(\sophyIl from the sup)erficial 
stromatic layers. The perithecia appear mostly on the iimh^r surface as 
minute black dots or pimples barely visible to the naked eye, but are really 
spherical or subspherical bodies 90 to 100m in diameter embedded in Jihe 
leaf tissue and protruding on the surface as minute dome-shapi'd pimples. 
The mature perithecium is ostiolate and the short bt'ak is gemmilly 
armed with s(‘veral short bristles; the wall is dark and compos('d of 
several layers of cells; and each produces an indefinite numlKT of oblong 
spatulale asci or sfM)rc sacs 55 to 75 by 0 to V2jll. The asci are eight- 
spon^d, the ascospores two-celled, 11 to 15 by 5 to 7ju, olive hr(»wn, with 
the upper cell wider than the lower cell. Paraphyses are lacking 

The iMTithecia on the fallen oveTwinlered l(‘av(‘S begin their (h^veloi)- 
ment in the fall and early winter, and matuie ascospores are ready to 
be exjKdled by the time th(‘ f)ctals show pink (often earli(‘r). The spcires 
are forcibly expelled following the warm spring rams. lOach ascus 
(‘longates, protrudes its tip through the ostiole, bursts with th(‘ fonnble 
expulsion of its spore contemt and then the pn^cess is repeat(‘d by other 
iisci until all the asci are discharged. The }X'riod of ascospore expulsion 
varies 'in different localities. On the Pacific Coast the first expulsion 
occurs in late February or early in March and discharge continues for 
about 3 months bi'fore all 'he perithecia arc exhausted. This meaiis 
that ascospores are expelled before the foliage has even started. In 
the eastern United Statt^s (New York) a>scospore expulsion does not 
Ix^gin so early and according to available data dot's not continue for much 
longer than 1 montli. Recent studies of ascospore discharge in Delawan^ 
(Adams, 1925) and in Virginia (Schneiderhan and Frommt*, 1924) have 
shown conditions more comparable to thos(‘ of the Pacific Coast, Sport' 
discharge Ix'gins very soon after the beginning of rainfall. In Virginia, 
in 1922, 16 discharge periods- were recorded, beginning on Apr. 18 and 
ending June 12, w'hile in 1923 there was a total of 13 discharges fi^om 
Apr. 28 to July 30. The studies in Delaware emphasize the great varia- 
tion in the time of initiation of spore discharges and the length of the 
ppriod during which discharge continues. For example, in one locality 
discharge began about May 19 and continued for little more than a 
month, wdiile in a lest made in another county during the same season 
the discharge began on Mar. 28 and continued intt> the month of June. 
Studies in Wiscon.sin have shown, ili general, a shorter duration of s|K)i*e 
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discharge more comparable to the New York experiences: At Madison 

i) eginning Apr. 23 ancf ending June 12, while at Sturgeon Bay the first 
ascospores were discharged on May 20 and the last on June 30 (Keitt, 
1921). The time of aacospore discharge has a bearing on the success of 
spraying, llecent studies have emphasized that it is difficult to time 
scab sprays correctly. According to Adam.s (1925), although conditions 
favoring spore discharge are l>eyond one^s control, they can be predicted 
to a certain extent. “However, it is not possible f)r practical to attempt 
spraying on the prediction of w-oather conditions that may favor all 

j) eriods of^ possible spore discharge.*’ In other localities (Young and 
May, 1927) very satisfactory results have Ix'en obtained by timing the 
sprays in accordance with the reports of the local weather service. Asco- 
sjx)re expulsion is controlled by moisture and temperature conditions, 
and consequently we may expect variations in ilifferent regums. While 
it IS a common thing to find abundant discharge of spores about the time 
the blossoms show pmk, activity may begin earlier or it may even l>e 
delayeil until after the blossoms have opimed. Tn regiem^s or seasons of 
earl}'’ spore expulsion, scab is likely to be severe, wiiile tt delayed expulsion 
may lessen the amount of the disease that develops. 

The expelled ascosporcs are carried upward by wind or air eurnuits 
and reach the young Jeaves or blossom buds and produce^ the first infei*- 
fions after a period of incubation These are the primary/ inu^et Kmn and 
they soon give rise to eonidia wdiich may be scattered to other host parts 
and give rise to secondary infections. 

The primary lesions from the ascospores furnish conidia wliich may 
cause very abundant secondary infections on fruit and leavch. Primary 
or secondary lesions may furnish conidia throughout the growing season 
and new infectituis may result whenever moisture and tiunperature 
conditions are favorable, but it should be underslooct that young leaves 
and fruits are much more readily infected than older and more mature 
structures. 

Jjate infections may develop during some seasons and they are likely 
in those regions of abundant rain or fog and moderate temperatures. 
Apples that were frt»e from scab at the time of picking but wx^re taken from 
scabby orchards may develop infections after they go into storage. It 
seems probable (hat infection occurred iiLsuch cases in the orchard, and 
that the incubation period had not expired at the time of picking. 

The life history of the scab fungus may be summarized as follows: 

Scab infected leaves fall to the ground in the autumn, and the over- 
wintering stractiires, the perithecia, develop within the leaves from, a 
saprophytic mycelium which originates from the superficial stromatic 
cushions. The perithecia mature their ascospores in the early spring, 
and these are forcibly expelled follbwing the warm spring rains and pro- 
duce the first or primary lesions which soon produce conidia; these conidia 
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are scattered by wind of rain and produce secondary infections, anu umac 
secondary lesions are, in turn, the source of other ftonidia, from which stiU 
other infections may arise. 

The part which twig infections play in carrying the fungus through the 
winter period is rather uncertain. There is some evidence that in the 
milder climates twig lesions may resume spore production in the spring, 
but all evidence points to the ascospores as the important source of the 
primary spring infections in most scab-infested regions. 

Predisposing Factors. -The abundance and severity of scab in any 
locality are dependent on the proper combination of climatic factors, 
csi)(‘cially temperature and moisture, which influence the development 
and expulsion of ascospores, the primary infections by ascospores and 
sc^condarv infect ions by conidia. The temperatures of January, February 
and March are i>elieved by some to be more important to ascospore 
development than tlie amount of precipilation in tht‘ |)eriod immediate!}^ 
preceding th(' maturity of the ascospores. Germination of ascospores of 
conidia may take place fnmi 0.5 lo 32°G., with infection resulting at 
temperatures ranging from 6 to (Continuous wetting of surfaces 

for a cerlain length of lime is necessary for infecti»>n, the period of wetting 
re<iuired t>eing longer for the low than for the higher tomperal ares. Dur- 
ing tlie periods of low temiieratures, it that the lengths of time 

that susc(‘ptiblf‘ surfaces are held moist will be more likely to be those 
required for infection than when the temperatures are relatively high. 
Ill general, it can be said tliat cool, moist weather is favorable, while 
higher temperatures are unfavorable even though moist conditions pre- 
vail. Any time after primary or s^^coiidary sources of infection are 
available, a cool rain period followed by conditions which favor the reten- 
tion of moisture is very .favorable to infection. Showers followed by 
winds are unfavorable, since the moisture evaporate^s rapidly, while 
showers in the evening followed by a calm night arc very conducive to 
infection. The relatively high spring temperatures and bright sunshine 
of some of our important apple districts, like the Yakima and Wenatchee 
valleys of Washington, fire probably the principal factors which have 
excluded scab. 

It should also be noted that poorly pruned trees with dense branching 
and heavy foliage generally suffer more than well-cared-for orchards wiili 
open growth which permits a good circulation of air and rapid evaporation 
of moisture. Trees in low pockets are more subject to scab than those on 
hill tops where the aic drainage and evaporation are good. 

Host Relations and Varietal Resistance. — The conidial stage of 
Vknturia incequalis occurs on many Pyrus species of the Malus group, but 
the scab of hawthorn fGratsegus) anXl Sorbus represent distinct species 
which cannot infect apple varieties. The scab of pears {Venturia pyrirui) 
agrees, in general, in its life history with the scab of apples, but here also 
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crosH^infectSons are iinpoHHible and the fungus repn^nents a distinct species. 
The much more frequent occurrence of twig lesions in pear scab is one of 
the striking differences. 

No varieties of apples are immune to scab, but great variation in 
susceptibility is shown. It is found that certain varieties may be resist- 
ant 1 year and heavily scabbed another year, under conditions favorable 
for scab. It is also to be noted that varieties noted as resistant in one 
locality may prove very susceptible in another region. Various writers 
have listed varieties as resistant, moderately resistant, moderately sus- 
ceptible or susceptible, but it may be noted that the Baldwin, which is 
generally classc^d as resistant, has shown as high ns 98 j>er cent scab No 
attempt w’ill be made to explain this and many other similar variations. 
'The general reputation of a variety can, however, be Ittken into considera- 
tion ill making selections for commercial orchards. In the light of recent 
studies on other parasites and work of Wiesmann (1981) it seems probable 
that physiological strains may explain the variable reports on resistance 
hue strains of apple scab and four of jiear scab are reported differing in 
cultural and morphological characters and possibly in pathogenicity. 

Control. -A\'hile the use of fungicides constitutes the principal means 
ot protecting orchards firm scab, there are certain other practices that 
should leeeive attention 

Plunhny Since scab sprays are applied with refmuict' to 

tiiiH' of blossoming, it is important that commercial plantings should con- 
sist of solid blocks of certain varieties rather than of mixed plantings. 
Even in the small home orcliard the mixed planting of varieties makes 
timely sjuaying doubly difiicull A recognition of the predisposing influ- 
(uice of pockets or lowlands with ])oor air drainage would suggest th(' 
selection of orchard sites to avoid this factor 

Samlnnj Measurers. Observ atioiis in many sections agree lu reporting 
scab at its worst in negh'cted orchards. Failure to kecf) the tre^^s prop)erly 
pruned makes a dense' growth of branches and heavy foliage, which 
excludes suiisluiu* and retards evaporation, vso that spore germination, 
and coiiseepienlly infection, are favored. If there were no other reasons 
for pruning, the effect of failure to do so upon scab alone would be suffi- 
cient argument for at tent nm to this orchard practice. 

Our knowledge of the part which hilx»rnation of the scab fungus on 
fallen leaves plays in the life history of the disease suggests that their 
destruction would lessen the primary infections. Clean cultivation and 
dost' mowing of cover crojis or weeds, either to bury the leaves or to give 
less favoraljie conditions for the development of iverithecia and ascosoore 
dissemination, are to be looked upon as measures to supplement the use of 
fungicides. 

Use of Fungicidefs,- -The carrier for the toxic chemical may be either 
water (spraying) or air (dusting). Spraying generally gives bidter control 
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and is more generally practiced. The time of application of the funpcifie 
may be based on the stage of growth of the trees Vr upon the maturing 
of the ascospores in connection with reports by a local weather service if 
such spray warnings are issued. The following table will give some of 
the various applications recommended, beginning with schedule A, which 
is designed to meet the needs when scab is epidemic and susceptible 
varieties are concerned. The other schedules are designed to meet the 
needs under less severe conditions, either seasonal or environmental 
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Conditions are so variable in different region.s lhat the advice of hical 
aiohorities should be followed as to the spray program to be adopted 
and the fungicide to Ih* used 'also the ui.seclicide) 

d’he foll<)Wuig are the more import :in1 sprays winch ha\e t>een used. 

1 Bordeaux, at strengths vainng from 4-*4 50to H ‘i -2-f)0W»r2 10-50 

2 Li(]juul lime sulplmr, 1 gallon to 40 to 50 gallons of watei. 

3. Dry hrne sulphur, .3 50 or \ 50. 

4. Dr3"-mix lime sulphur (see Brown Rot, p 522) 

5. Calcium sulphide, S-.5() to 12-50 (Hurt and RchneidtTlian, 1929) 

The duvSt mixtures which have given most general satisfaction are: 

1 Finely j^K)w^dored or dusting sulphur 85 to 90 jx^r cent plus 15 or 
10 f)er cent fluffy^ jiowdered lead arsenate, using P4 to 2*^ pounds per 
(ree according to size 

2 Dusting sulphur 40 |xt cent, lead arsenate 20 i>er eent and 40 
per cent hydrated lime, the latter used as a filler 

3. Hydrated lime 86 per cent, dehydrated copper sulphate 10 per 
cent and calcium arsenate 4 per cent (Sanders’ dust) 

The period up to 1908-1911 when lime sulphur first came into use 
has been designated the Bordeaux and Paris-grt-en period in apple 

* Even as weak as n.6-2.5-50 has iieen reported to give as good control as 3-9-60 
‘^Ballofu and Lewis, 1927). 
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spraying, since this combination of fungicide and insecticide was gener- 
ally used. Repeated experiments continuing up to the present have 
shown the superior fungicidal value of Bordeaux over lime sulphur for 
scab control, but because of the less injury to foliage and fruit, lime 
sulphur has come to be generally used especially in America, except in 
regions where lime-sulphur injury is extreme (see Bordeaux Injury, p, 
223; Lime-sulphur Injury, p. 230) or where certain other diseases must 
be controlled for which lime sulphur is not so effective. 

In earlier tests dry lime sulphur gave poorer control than liquid lime 
sulphur, but in more recent trials it has given protection equal to the 
liquid lime sulphur (Britton et aZ., 1921; Doran and Osmun, 1924; Keitt 
and Jones, 1926; Ballou and I^^is, 1927). Dr^'-mix lime sulphur and 
calcium sulphide yielded results equal t(> any other sulphur-contain- 
ing sprays and with less injury (Hurt and Schneiderhan, 1929). Floata- 
tion sulphur has given adequate control (see Brown Rot, j). «522) 
According to Dutton (1930), dry-mix lime sulphur, wottable sulphur, 
colloidal sulphur, activated sulphur and sulfocide have pro\ed infericu 
to liquid lime sulphur. Proprietary remedies such as Adheso, B.T.S , 
8pra-sulfur,Fungi-Bordoand Soluble Sulpliur are not If berc(‘orninended 
either because of injury fruit and foliage or because of greater cost 

Earlier testa of tla* dusting method gave very pr>or results, bu^ 
the employment of finely divided dusts and unprov^ed fluslers, tins 
method of control has given results in 5 >omc s<‘CtH»ns that hav'^ jusiifu d 
use. It is now gent ^ally conceded that dusting is soiiH'wliat inRrioi t^' 
spraying (Folsom, 1926; Giddmgs et al , 1927; Moore, 193t); Hanulton, 
1931 

Spraying of fallen leaves to prevent the formation of ascosporer has 
beem tried with promising results Curti.s (1924) obtained as much as 
40 fK'r cent reduction from three dead-leaf sprays. The use of calcium 
arscnite for this jmrposo has als(» been suggesi^d. 

Does It Pay to Spray for Scab? Spraying must b(‘ looked upon as 
an insurance, and growers must liecide from results wh(‘lh(u it is a pa>iug 
proposition Then’ are at least three types of localities, so far as seah 
control is concerned 

1. Thos(‘ in which scab is unknown or relatively rare. In sueli lorid- 
dies spraying would never \)V profitable. 

2. Regions in which sc’vere scab years an’ infrecpient. There are 
places where scab may b(’ severe oru’ season ^mt of four or fiv(’. In such 
cases the actual money value of yearly spraying is doubtful. 

3. Regions in which scab-free years are uncertain and relatively 
infrequent. In such localities the successful orchardist must spray e^.ch 
year. Careful cost and production records have shown net profits, due 
to spraying, of $65 to $400 per agre, 
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BLACK ROT, CANKER AND LEAF SPOT 

* Physalonpora malorum (Berk.) Shear 

This is a fungous disease of apples, pears, quinces and numerous other 
hosts, being best known for its ravages- in apple orchards of the eastern 
Unifed States. In its various phases it attacks the fruit as it is approach- 
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ing mftturity or in storage^ causing a fruit rot ; the twigr and limbs, causing 
blight and cankers: and the leaves, causing a characteristic leaf spot. 
The fruit rot was first studied and various names descriptive of the symp- 
toms were applied, as black rot, ring rot, blosso^si-end rot and brown ret 
The phase of the disease on the twigs and limbs has been described as 
dieback, twig blight, apple canker, black-rot canker and the New York 
apple-tree canker. The leaf attacks are referred to as leaf spot, leaf 
blight, brown spot and frog eye. 

History. — Although the causal fungus had previously been known, the first report 
of the occurrence of black rot as a disease of apples was by Peck in New York in 1879. 
This was still the only phase of the disease that had been definitely recognized as due 
to SphcBropns malorumf until 1898 when Paddock published his first report on New 
York apple-tree canker and showed that a canker of apple common in New York and 
adjacent territory was duo to the same organism as the fruit rot. Previous to the 
recognition of the canker phase of the disease, leaf spots of the apple were attracting 
attention. The first consideration of the economic aspect of leaf spot was by Alwood 
in 1892, but he attributed it to an entirely different fungus, PhyUostieta pyrina^ which 
was found fniiting on the spots. Another PhyUostieta spe^cies (P. limitala) was 
reported by Stewart (1896) as the cause of a serious outbreak of leaf spot on Long 
Island. The idea seemed to prevail for some time that PhyUostieta species were the 
most important agents in the production of apple leaf spots, although other fungi 
were reported as accompaniments. The question of the parasitism of the two Phyllo- 
sticta species was taken up by Stewart and Eustace (1902) and they decided that ‘‘at 
least a large part of the so-called apple leaf spot is due to spray injury and father 
conditions and not to fungous origin. The fungi were believed by them to be 
saprophytes which invaded the tissues killed by other agencies. Alwood had found 
S. maloTum in leaf spots as early as 1898, while Clinton (1902) recorded this patho- 
gene as the cause of a leaf spotting of the apple in Illinois, and later (1903) recorded 
this pathogen e as the cause of most of the leaf spot of the apple in Connecticut. 
Studies by a number of workers about the same time (Scott and Quaintance, 1907; 
l^ewis, 1908; Hartley, 1908) began to throw doubt on the parasitism of the fungi 
associated with leaf spot, while the large number of species isolated and the unsuccess- 
ful inoculations in the studies pointed to the saprophytic relations of associated 
i.rganisms. While positive evidence was lacking, Lewis (1908) decided that "the 
fungous, Sphasropsta malorum, which is known to cause cafiker of apple limbs and is an 
active parasite, will be found to be the primary cause of apple leaf spot." It remained 
for Scott and Rorer (1908) to prove definitely by inoculations that the common leaf 
spot as it occurred in the Middle West was due to the black-rot organism and that most 
of the accompanying fungi, including P. pyrina, probably occurred on leaf spots only 
as saprophytes. 

Later studies by various workers confirmed the first discovery of the appie rot and 
showed that the pathogene would affect maturing apples in the orchard, and was also 
less important as .a disease of pears and quinces. The continued study of the canker 
phase of the disease emphasized its importance, definitely established the connection 
between the organism in the fruit and in the cankers and yielded further important 
contributions on the etiology of the disease. The ascus stage has been stuped by 
Hefler (1912), Shear (1914), Cunningham (1923) and Shear et al. (1924), and all have 
agreed that it is a Fhysalospora, but doubt exists as to its identity with P. cydoniat 
(Amaud, 1912). In the studies of the leAf-spot phase of the disease it was soon noted 
that the spots so prevalent in the spring later enlarge to produce the condition known 
as "frog eye." especially in the southern states. This condition was atirttiuted by 
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some to other fungi or to other fungi fhllowing the Sphnropsis infections Roberfs 
(1914) was able to produce typical frog-eye spots by inoculutmg dead spots wAh an 
Altemana From his results and the work of others it seems that the frog-eye 
development may be due to Spheropsis workmg alone or m association with some 
other organisms 

Early m the lustory of black rot, attention was given to control measures, but as 
late as 1890 Senbner wrote *‘Nor can we at this time propose any treatment which 
would be likely to be effective and at the same time practical Spraying was sug- 
gested, but the first carefully controlled experiments for the protection of the fruit 
were reported bv Wolf (1913) Spra>ing was recommended for leaf spot before the 
relation to Sphasropis was established, the rcbults coming largely from spraying for the 
( ontrol of scab and bitter rot Various workers since 1901 have reported a successful 
c ontrol of leaf spot Mention should he made of snccial experimental worlJ on control 
by Crabill (1915) in Virginia and Walton (1920) m Pennsylvania • 

The most complete study of black rot in its various phases was published by 
Hesler in 1916 Later work has been concerned largely with control or establishing 
the presence of the disease in new territory 

Geogpraphic Distribution. — The disease is widely distributed m Amenca from the 
Gulf states northward to Ontario, Quebec and Nova Scotia While it has been 
reported from California, Oreg m and Washington, it seems to be a rare trouble west 
of the Rocky Mountains The various phases of the disease have not been equally 
prevalent throughout its range The canker has been especially prominent m New 
"i oik and adjacent ierntor>' In the extreme Eiwt, the Ozarks and Virginia, the fruit 
rot and the leaf spot have been the general phases of the trouble Speakmg generally 
for northeasteni Amenca, the Middle West and southeastern Canada, this apph 
disease m one or more of its three forms stands second only to apple scab m impor- 
tance ’ (llesler and Whetzel, 1917) Black rot occurs m Europe from Italy and 
I ranee northward to Germany and England, and extends eastward into southern 
Russia It occurs also in Austraha and South Afnca and has more recently been 
renorted from New Zealand The disease is of minor importance in European 
( ountrn s, and in New Zealand the principal damage is from the canker phase of the 
disease 

Symptoms and Effects. Th<^ leaf^spot phase of the disease beginb 
soon after the leates ur^fold from the bud The young lesions show first 
as minute purple specks, which soon enlarge to circular spots, 2 to 10 
millimeters m diameter, with an average of 4 or 5 millimeters. The 
tissue of the lesion gradually becomes brown, and the spot sharp m out- 
line, with a faintly raised margin As the tissue dries out, the spot may 
become a dirty-gray color and in numerous cases minute black fruiting 
bodies may be seen occupying the upper surface (mostly s^iprophytic 
intruders) Bordeaux injury or localized killing from free arsenic may 
be responsible for leaf lesions which closely resemble these black-rpt 
leaf spots While this i& the type of the leaf spot that predominates in 
certain localities, in others they deviate to such an extent that at first 
they were supposed to be due to another organism Soma of the spots 
remain in the condition already described for the entire season, but 
many after ceasmg growth for a time become active again 

From one or more points on its margyi the spot begins to spread, forming 
brown crepoents much darker 'than the older portion of the spot These new 
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bA)wn crescentB are always bordered with purple on the outer edge. They 
extend outward and sideways until they finaJly come together, completing the 
circle of brown around the gray center. More crescents of brown develop from 
this first brown circle, growing together and forming a second brown circle 
This formation of concentric circles continues until the leaves fall in the autumn 
or as a result of the injury, the older rings become lighter m color with age The 
spot at the time of leaf fall is a more or less irregular blotch made up of a bght-gray 
center, shar|fly defined, surrounded by many concentric rings of brown with 
light sones between (Crabill, 1915) 

This is the condition which has suggested the name **frog eye."' The 
sise of the spots depends on the weather conditions and also upon the 
number of infections per leaf, the maximum srae of about 1 inch in 



Fig 182. — Apple leavom showing leaf spots cftiiMcd b> black rot fungus {Fhysalo^po i* 
malorum). ( ifttr Scott and Kortt Hur PI Ind Hut 121 ) 


diameter being reached under the most favorable conditions The spots 
may be few in number or they may be numerous and adjacent lesions may 
coalesce to form more extended dead areas 

The fruit rot is not m evidence until a few wt^eks before maturity or 
later as a storage rot Fruit lesions are first apparent as small brown 
spots, frequently at a worm hole, which later darken as they expand in 
size and finally become lilack. A single lesion to an apple is the common 
condition, anl it may be anywhere on the surface, but is frequently 
located at the calyx end In .some cases concentric zones of different 
shades of brown or black appear, but in others no zonation is apparent 
A fruit lesion continues to advance and to penetrate the flesh of the 
fruit, the invaded tissue having the form of a cone with the external aiea 
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of the lesion as its base. Within a few weeks after infection minute black 
pimples may appear in the skin of the fruit, and these by their numbers 
contribute to the black coloration. The rot advances until the entire 
fruit is involved and 

. . . later stages in the development of the rot show a shriveled and much 
wrinkled surface, which typically becomes covered with black pustules. Ulti- 
mately a dry mummy is produced, which may hang to the tree for a year or more 
(Hesler, 1916). 

It is this phase of the disease that has suggested the very appropriate 
name of black rot. It has been confused with brown rot (see* Chap. XX 
for difference) and also with bitter rot. It can be easily distinguished 



Pig. 183. — Normal apple and shriveled black-rot mummy. 


from the latter, which has an unpleasant taste, and pinkish fruiting 
pustules. 

The disease may attack the trunk, larger bmb.s, smaller branches or 
even the twigs, producing either localized cankers or a blight or dieback. 
The typical cankers on the larger limbs, appearing more irequently on 
their upper surfaces, are first in evidence as reddish-brown discolorations 
of the bark, which laler become slightly sunken as the affected tissue 
dries. Lesions may remain small and cease to extend at the end of the 
first season, but in many cases a diseased area continue.^ to enlarge year 
after year until it has girdled the branch or has extended for a yard or 
more. 

A crevice may appear at the margin, limiting, temporarily at least, the extent 
of the lesion. Further spread of the patliogenc results in tlie formation of a 
prominent s[)Ot, which soon forms a second line of demarcation between the 
healthy and diseased tissue. Rept^tition of tliis process from one or more p<jints 
at the margin occurs, thus producing a lohod appearance; or the spreading may 
aris(‘ from ah i)oirits about the first margin*^! crack, so that a series of concentric 
crevices is developed, as described for the frog eye of the leaves, Tlie bark 
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reixiainsk closely appressed to the wood for at least a year, later the dead bark 
cracks, and falls away, exposing the wood and a callus around the margin of the 
wound (Hesler, 1910;. 

The minute, black fruiting pustules may be very abundant over the 
bark of blighted twigs or in the bark of the localized cankers. Cankers 
may show only a superficial rougiiening of the bark, while m other cases 
the bark is killed to the cambium and the underlying wood may be 
stained and cracked. 

The injury from the black-rot disease is due to the following: (1) the 
reduced ph^tosynthetic capacities of the sjiotted ^ohagp and to the early 
defoliation when spotting is severe; (2) to the roUing of the fruit just 
previous to maturity and during storage; (3) to the iiuerference of cankers 
with the life of branches or to the girdling of branches and the resultant 
death of all distal parts; and (4) to the blighting or dieback of young 
affected twigs. In severe cases defoliation may occur 6 weeks ti) 2 months 
before maturity of the crop, causing the fruit to remain small and of po<ii 
quality or to drop prematurely Such foliage losses make a heavy drain 
on the vitality of the tree^nd seriously interfere with the jiroduclion of 
the next year. The amount of the fruit rot is \ ariablc, but it is n faetoi of 
importance from Alabama to C'anada and from Maine and New Hamj)- 
shire westward to Nebraoka. The continuation of the rot dining the 
storage period is common throughout this territory and probably •tanks 
with blue mold tPenicilliurn ) in frequency Injury from tiic (‘anker 
phase of the disease may be scarcely noticeable, or it may be so stnere as 
to cause extensive killing or reductionj^m productiveness. In New York 
and adjacent territory great importance is attached to the canker pha^e of 
the disease, and the statement has been made that few orchards in that 
section are free from the disease The extent to which iVie decline of 
trees from old age or from winter injury has played a part seeiuh to have 
been largely overlooked, the presence of the black-rot organism being 
taken too often as the indication that it was responsible for the damage 

Etiology.— -This disease is caused by one of the ascomyceious sphen^ 
fungi {Physalospora malorum (Berk.) Shear) which produces its ascigerous 
or perithecial stage in the bark of old cankers or on affected branches, and 
its pycnidial or Sphceropsis stage in the bark, in rotting fruit and more 
rarely in the leaf spots and on fallen leaves. The rarity of the pycnidial 
frilits in the leaf spots and the common occurrence of the pycnids of 
Phyllosticta or t fie fruits of other intruding fungi were for many years the 
source of misconceptions as to the true nature of the disease. The pyc- 
nidia are developed in abundance in the bark and on rotted fruits, but the 
perithecial stage seems to be rare, especially in America. The first 
report of the existence of a perithecial form of the black-rot pathogene 
was by Shear (1910 and 1914), who^prea^nted evidence that it was geneti- 
cally connected with Mehinopn quervuuw (Schw.) Rehin. forma Sacc, 
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A.rnaud, working in France (1912), described a fungus which he fouhd on 
bark showing pycnidia of the black-rot type (S. pseudodiplodia) as P. 
eydomce, A year later (1913) Heeler found what he thought was the same 
fungus in America and proved by single ascospore cultures that it would 
produce t y jneal pycnidia of N mnlm urn, and 1 herefore accepted the finding 
of Arnaud. Because of the uncertainty of tlie identity of P. cydonice 
Amaud as the ascus stage of S. malorurn^ Shear et al. (1924) have sug- 
gested P. rnaloium (Berk.) Shear as “a combination of the best-known 
names of the two stages of the fungus/’ 



Fia. 184 Set turns through several types of pycnidia of the Mack-rot fungus {After 
Lei^a Wafker Rtpt 28 , 1908.> 

The septate mycelium us intercellular and is at first hyaline, but soon 
darkens and becomes greenish yellow, bluish green, brown and then dark 
brown, appearing black m mass. Sclerotia-like bodies have been 
obser\ed in cultuies and beneath the skin of affected apples Chlamydo- 
spores have been noted m cultures, as thick- walled, granular cells, 
occurring singly, in chains or in groups. Knots of hyph® become aggre- 
gated just beneath the outer surface of the host parts and gradually 
develop into the pycnidia or conidial fruits. 

The typical pycnidia are globose, subglobose, elongated or flask- 
shaped, black or carbonous, immersed in host tissues or becoming some- 
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wnat prumpent, oetiolate, and with distinct but variable outer and inner 
walls, the inner wall being of thin-walled, hyaline cells, while the outer is 
of dark, thick-walled cells. They arc usually distinct but may be con- 
fluent or united into a stroma, a single pycnid measuring 200 to 300ju in 
diameter, while the compound structures may vary from 200 to 460/* high 
by 200 to 720m wide. Hyaline, clavate or cylindrical conidiophores, 8 to 
:30 m long, arise from the inner face of the hyaline inner wall. Each 
conidiophore can develop a single, oblong-elliptical, brown spore, the 
sizes varying from 7 to 16.2m broad by 16 to 36m long. The pycnidia 
show wide variation as to form, size and detail of structure, and the 
pycnospores are likewise extremely variable. While the typical mature 
spore is brownish, they vary from nearly hyaline in the youngest mature 
spores to very dark brown in old, mature spores. Tlie typical Sphseropsis 
spore is unicellular, but spores with one cross-septum are fairly com- 
mon, and those with two or three are sometimes found. The hyaline 
color and continuous character are more common in young fruits, while 
the dark color and septation are more common in older fruits. This 
variation in color and septation is of special interest, vSince according to 
present classification of fungi the difftuxmt conditions represent three 
different genera: the hyaline, continuous spores, Maevophoma, the col- 
ored, continuous spores, true Spharopsis\ and the one-septate, colored 
spores, Ihplodia. » 

The perithecia have been found on twigs and cankers, an<i are very 
similar in form and size to the pycnidia. They arc immersed in the 
cortical tissues and protrude by a short papillate ostiole. The wall is 
also similar in character to the wall pycnulia, with inner hyaline cells 
and outer carlionous cells. Single fruits vary from 180 to 324m high, by 
:?00 to 400m wide Cluli-shaped asci, 21 to 32 by 130 to 180m interspersed 
Wiili hyaline, eoiitmuous pnraphyses, arise from the ba.se of the iieri- 
theciiun The asci have thick walls at the tij), and contain from two 1o 
(‘ight ascospores, eight being the common iiumtK^r The ascospores arc 
ellipsoidal or ofien iniecpiilateral, hyahnt‘ to greenish yellow, irregular 
bisenato in arrangement and vary from 10 8 to 15.2 by 23.4 to 34.2m. 
The ascospores are forcibly expt*lled. “The wall of the ascus ruptures 
transversidy and tlu' ascospores are ejected while still (inhedded in a 
somewhat gelatinous mainx, ha\ing the same outline as the ascus and 
extending to the biisc^ where it appears U) be attached” (Shear ei a/,, 
1924;. 

The pathogeiie may be carried over the winter in the form of dormant 
myceliuui, immature pycnidia, mature pycnidia, developing perithecia 
and possibly by pycnosixires that have been set free and are lodged on 
the surface of the bark Because of the rarity of the perithecia, it seems 
that these must play a very minor part in the life history of the pathogenc, 
main reliance being placed on the pycnospores for the dissemination of the 
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fungus. The pycnospores accumulate m the pyjnidial cavity, and are 
then pushed put through the ostiole, and may accumulate as short gelati- 
nous tendrils, which will be washed away by rains due to the dissolving 
of the gelatinous matrix in which the spores are embedded. Rain and 
insects may bring about their further dissemination, but evidence of wind 
dissemination is lacking, since spores were not collected in spore traps set 
in orchards in which black rot was prevalent (Wolf, 1910) Their libera- 
tion in tepdrils is also opposed to wind transport, and the great frequency 
of the pycnidia on dead twigs and the work of Walton (1920) showing that 
frog-eye infection is correlated with periods of rainfall make it UT^necessary 
to assume any extensive wind dissemination 



f is*! tion of T>orit}ieriuni of J hj nlohpoja tnalorum Mf/#' }J( nr Comttf 
I ni \g h u ^ia li il 379 

The pycn^)bpole‘^ arc prevalent and ready to produce infections when 
conditions are favorable Then retrnitionof their vitality is an imixutant 
feature in increasing the ch inces for infection Ifeslor (1916) states 
that pycnospores that are 2 years old or older are still capalile of germina- 
tion, and there seems to be some evidence that their libeiatum is nof 
confined entirely to the spiing and summer, bo I may take place also 
during warm, moist periods at other limes in the \iar According to 
Preti (1926), the minimum temperature foi germination is 9 to lO'T., thft 
optimum 20°C and the maximum 25 to 30°(' with light a necessary 
stimulus 

The time of infection of the foliage dcpfuids largely upon the condition 
of the host tissues According to recent work: 

Some trog-e>(‘ infection takes place during the hlooimng jieriod, hut most ol 
it occurs from the time the petals fall until two and oni'-half weeks later, in other 
words when the leaves are in a growing condition (Walton, 1920). 
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lir is certain that the pathogene can infect the uninjured leaf tissues 
and produce leaf spot. This behavior has been experimentally demon- 
strated by various workers, and, Swart out (1927) reports infection 
through sound, uninjured bark in greenhouse tests In some localities 
fruit infection independent of injuries has been observed at the calyx end. 
Vanous typesof injuries to thefruit or bark offer opeiungs through wluch 
the fungus gams an entrance I’hese may insect injuries by codUng 
moth, curculio, etc. or other fungous or bacterial parasites, such as scab, 
blotch, bitter rot and fire blight may pave tfic way for entrance Limb 
rub, had bruises, spray injury, gro\\th cracks, pruning wounds and frost 
pankers have been mentioned as furnishing infection courts 

Host Relations." This disease is primarily a troulile ol pomaceous 
fruits, btnng of first importance on the apple and of minor importance cm 
the and quince In addition, it is found eilher as a sapioplnle or as 
a parasite on a considerable numboi of trees and shiubs, includuig ‘ aider, 
apricot, ash, ba8.swootl, dogwood, eider, haw thoin, luq>-h(>rnbi am, lilac, 
maple, mulberry, oak, pine, rose, sumac, witch-hazel and oilier^* " (Heslei 
and Whetzel, 1917) On the quince it has been noted primanly as a 
fruit rot The Spha*ropse on ciurant canes lias been >.iiowK by Sievens 
( 1924) to Vie the comdial stage of / hn'ilo^poni rtuiJofum }>iil distinct from 
the currant -cane blight fling u<-, Roln/o^ph<rna nbis 

Considerable \ anal ton has been noted in tlie susce)>tibilit v ( f \ arieties 
of the apple The frui^ rot is moA seieu on (arly \aiictMs pie\ious 
to matunty, while late or winter varieties au likely to suffei tn storage 
The leaf spot and frog eye are reported as sc\( re on Hen 1 lavi*-, inesap 
Arkansas, Baldwin and Jonathan iiiA^rginia, on Ben I)a\ in Nebrasla, 
on York Imperial and Stayinan A\inesai> in IVmis\l\anin .ukI on (’hen 
ango, Baldwin, Rhode Island and Twenty Ounce in New Yoil ‘On 
old oichards, particulaily whert piumng is uegh^cU^d, 11k leaf-spot di^ea'^e 
IS much w^urse than in .>oung orchaids ’ (Scott and Hohi, 19t)8) Jhita 
on the suseeplibility of varieties to the canker ph isr of the disea^.^^ an 
nioslK from New York and adjacent territory In ^^osiern New^ York 
Twenty (>unce is the variety most severely affected by canker • 11 is 
rarely found unaffected e\en in well-managed oicluinL, and neglected 
trees are often killed (Hesler, 1916) Paddock (1889) gi\e'- the following 
order of susceptibility of other varieties* Baldwin, \Aageriei, Rhode 
Island and Tompkins King He says that Ksopus has apparently run out 
because of its extreme susceptibility Ben Dums and Northern Spy are 
severely affected in Ontario. Physiological strains ha\e not been defi- 
nitely established, but different isolations have l>eon shown to vary 
greatly in rapidity of rot produced f Cooley and henner, 1926) and in 
behavior in cultures (Mohendra and Mitra, 1980) 

Control. — As a basis for prevention or reduction in the amount of 
the disease the following features should ])e kept in mind: (1) that the 
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pathogene is a wound parasite on limbs and to a great extent on, fruits, 
(2) the unbroken epideimis of loaves can be penetrated to produce leaf 
spot or frog eye, (8) r'ankeih, bliglited or dead twigs, faUen, spotted 
leaves and old inuinimes may all develop pycmdia which furnish spores, 
(4) the ascigerous fruits in old cankers may play a part in the spread 
of the pathogcni 

Preventive or control measures may be grouped as follows: (1) pre- 
\enlioii of ivoundv oi their protection, (2) the treatment of cankers; (3) 
the removal and destruction of structures which furnish the inoculum, 
(i) hpraymg to protect the iolmge or other pans Many of the mechani- 
cal iiijujies may lx avoided with a little care- for e^ample, those due to 
inachinerv’^ u‘^ed in cuhi\,iiirig or spraying, by ladders and boots m pruh> 
mg and picking, b}" props not carefully U‘-c i or protected or by careleas 
piuieng 01 removal of water sprouts Attention muM be givTn to the 
control of insect pests and other fungous or barlerial diseases Pruning 
\v(unds or other mechanical injuneb that canm^i r>e avoided should be 
iroited with eithei a coaang of coal tai oi a Bordeaux paint Attention 
sliovild be gi on to canker-- of whatever oiigiii Nince, if they are not 
aiicadv mvadivl 1 > ihc black rot, theyofTei impoibait court - of ent raiice 
[r> jii c ise- Uk giovif i must decide between the tiealment of the cankei 
ind the sieiitu mg oi the bruieh on which it oeeui*^ The diseased tissue 
nnn^ }>( remo^ ed ind ciestioyed and tne wound protc deal oi the cankered 
und> must be <ul on as a genenil pnncipk tor this oi other diseiises, 
ciiikf on i.ugr fiioiii ^ti\c hmbs »r ui the body < f <h( ^ee should be 
I rente cl, wl lU sm dl oi unprc/durtne cankered limbs should he removed 
The <Koi oi bl »clv-iot mu nmi< s that arc Hanging on the tree or 

iviui. <lv iiM uiid Old '(»> 1 )-( pnininir ^o umo\c dl dead wocsi m 

which ilic iuiigu> nn\ be hib'^ u it ne an coinmen labU ptaHices Ah 
pruning'- ana disc isod buk, whciiui killed b> black lot or from some 
iitlioi disc ise, should be d( -(roved bv burning, since if Ufl m the orchard 
they inav^ conMnuc product iiuus of tlie pathog» ne Lithei clean 
eultiv atioii (U the* plowing under of tht leaves previoiH to the blossoming 
jK 110(1 his Ihh n suggested 

Ihc \ iluc of sjnaviug tor the pie\cniion of canker is somewhat 
piol)l( m ilic d it would setni that hmbs kept coiisiantl> covered with 
a Boideauv should bc‘ altoided piotection but positive evidence of the 
v due i-^ not av ailabK bpiaying h is been Used eftectiv elv for the prevTn- 
tion of fruit rot, but more esjxxi illv foi the contiol of leaf spot or frog eye 
Uolf (19n) has reported successful control m \labama by the use ot 
4 4 50 Bordeaux about the middle of July followed by a sepond applica- 
tion 2 weeks later, and successful control was accomplished earlier by 
Waite (1901) and Scott (1905' in work on bitter rot Commercial lime 
sulphur was leporlecl entirely ineflfec^ivT in controlling fruit rot due to 
Sphflpropsis as well as to thej bilter-rot pathogene 
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Spraying was recoramended for leaf spot before the connection with 
black rot was known. It is generally necessary to spray for scab in those 
regions in which Sphaeropsis leaf spot is prevalent, and the usual experi- 
ence has been that the disease is controlled by the scab sprays, the pink, 
calyx and one later spray generally being sufficient to secure practical 
control, while still further reduction will follow a fourth application, 
especially if the rains continue. The degree of control which may be 
exp^^cted may be judged from the following results: 

Brooks and De Merritt (i912):Liine sulphur, 1-25,26 percent; checks 
95 per cent. 

Walton (1920): Lime sulphur, 1-30, 21 per cent; checks 79.4 per 
cent. 

Wallon (1920): Bordeaux, 4 5-50, 19.8 per cent; checks 79.4 per 
cent. 

Crabill (1915) has reported 100 per cent efficiency in some cases, but 
it seems ttiat perfect protection is rarely obtained. F(>r leaf spot alone, 
self-boiled lime sulphur has given good results, but best control has been 
obtained from either commercial lime sulphur or Bordeaux. In Virginia, 
lime sulphur (Crabill, 1915) gave benter control than Bordeaux, but in 
most cavses the latter has been reported as slightly 8Ui>erior. On account 
of Bordeaux injury to both foliage and fruit, lime sulphur would seem 
more desirable unless bitter rot or blotch must also be controlletJ. 
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CHESTNUT BLIGHT OR ENDOTHIA CANKER OF CHESTNUT 

Endoihia paraaitica (Murr.) And. & And. 

This is a virulent disease which inVades the bark and cambium of 
twi^s, branches or main trunk, forming cankers which ultimately girdle 
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tbeviB structures and cause the death of all distal parts, thus producing 
blight or dieback of twigs or branches, or leading to the death of the entire 
tree. The earlier reports of this disease have referred to it as the chestnut 
blight, the chestnut carker or the chestnut bark disease, but Endothia 
canker has been used more recently. Since a typical blight is not pro- 
duced except by infections of small twigs, and other cankers of the 
chestnut are known, and since both bark and wood are affected during 
the progress of the disease, it might avoid confusion to adopt the specific 
name of Endothia canker^ but ^^blight^^ is the term nbw most generally 
used by laymen, foresters and most plant pathologists. 

fitistory and Geographic Distribution. — This dise^e was first noted by Merkel m 
the New York Zoological Park in 1904, but was first described 2 years later (Merkel, 
1906). The disease was studied by Murrill (1906) in the New York Botanical Garden 
and vicinity and was recognized as a serious trouble. The causal organism was 
described the same year as a new species, Diaporihe parasitica. The study of the 
disease was taken up in lUe U. S, Department of Agriculture very soon after the 
organisation of the lal>oraloiy“ for the study of tree diseases in 1907, and the serious 
character of the trouble was realized. The disease spread with alamimg rapidity and 
by 1908 (Hodson) was serious in portions of Long Island, (Joimecticut, Massachusetts, 
New York, New Jersey and Pennsylvania, radiating from the original infeotioiis in 
New York City and Long Island, and was reported from a number of outlying points 
in Delaware, Maryland and Virginia. The rapid march of the disease mio Pennsyi- 
vauia led to the establishment of the Pennsylvania Chest nut Tree Bhght (Jommission 
in 1911 wdth an appropriation of $275, (XK) for the investigation and scien^fic study of 
the problem, and especially to ascertain the 0x14*1^ of the bhght and to devise ways and 
means by which it could be stampetl out. The investigations were also^upiiorted by a 
liberal appropriation by the Federal Department, and th<‘ir investigations were 
conducted in cooperation with the Pei\nsylvania Commission until that went out oi 
existence in 1913. The ongin of the ejiiphytotic was one of the early questions for 
discussion, and two oppL’sing views were held: (1) that the causal fungus was an 
obscure native of the United States that suddenly assumed promineiu'e due to unfavor- 
able conditions for its host — winter injury, and drought conditions (Clinton, 1909); 
(2) that tne palhogene was uii immigrant, introduced into this country from sonic 
foreign country, possibly Japan, with importations of nursery stock (Me+calf, 1908). 
Tiiis controversj' was not settled until 1913, when the pathogene was discovered 
in China on native chestnuts {Castanea mollissima) by Meyer^, an agricultural explorer 
of the U. S. Department of Agriculture (Fairchild, 1913; iShear and Stevens, 1913). 
In its native home the pathogene wan not a serious parasite, making rather inconspicu- 
ous cankers, but when it reached America and found a very susceptible host in the 
native chestnut, C. dentaia^ it spread with alarming and deadly rapidity. The 
early study of the blight disease led to evidence that it had been prevalent some years 
previous to its discovery in New ’^'ork and that probably more than one center of 
infection had existed As a result of the increased interest in the disease and the 
financial support for investigations, the puhhcations bearing on distribution, nature 
and control of the disease appeared in rapid succession in both the popular and scien- 
tific channels. Special impetus was given by the Pennsylvania Chestnut Blight 
Conference called by the governor in February, 1912, and in the course of a few years 
A voluminous literature had accumulated. A bibliography of the disease compiled 
to Jan. 1, 1914, included 399 titles (Beattie, 1914). 

Experiments on control were attempted before the nature of the disease was 
understood, and eradicatio/> or control measures dominated the first efforts of the 
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Peimsylvania Chestnut Tree Blight Commission. Late^ attention was gifen to 
etiological and ecological relations, and important contributions to our knowledge were 
made by Anderson (1912-1914), Rankin (1912-1914), Heald and assistants (1913- 
1915) and others. The studies of the life history of the pathogciie showed the futility 
of eradication measures after the disease had gained such headway, and as the best 
control practices had only served to retard the advance of the disease, funds were not 
provided for a continuation of the work and general control measures were largely 
discontinued. Since that time the disease has continued to extend its ravages. In 
1914 the disease was generally prevalent in native chestnuts from New Hampshire aid 
Warren County, New York, on the north to Albemarle County, Virginia, on the south 
and westward to a line runmng diagonally to the southwest through middle Pennsyl- 
vania. Scattering or spot infectious occurred outside of this area in Mainef New York 
and Pennsylvania and at one locality in North Carolina. An orchard infection had 
been reported from British Columbia. Since that time the disease has continued 
its onward march to the south and west and has spread to nearly all parts of the 
range of the native chestnut and to some orchards beyond. It was discovered in 
Japan by Meyer in 1915 and reported by Shear (1910) as occurring on the native 
wild trees (C. creAaid) w^hich appeared to he even more resistant than the Chinese • 
chestnut. It has recently been reported from Europe on the cultivated sp^ies (1924). 

Symptoms and Effects.-— Young inlections of chestnut blight on 
smooth- barked vigorous shoots (2 to 6 or more years old) can be easily 
recognize<l by the presence of yellowish or yellowish-brown patches, 
slightly raised, and standing out in marked contrast to the olive-green 
healthy bark. The area invaded by the fungus may be fairly regular 
or xery irregular in outline, the latter showing what has been designated 
as the amerboul type. In young infections of this type there are no 
fruilirig pustules, but these make their appearance later. If the external 
brown biyer of corlc cells is removed from the advancing edge of the 
invaded area, the whitish or buff-colored mycelium, or vegetative body, 
of the blight fungus is exposed Infections of this type may spread until 
the hbool lb com[)lctely encircled, and fruiting pustules will be formed later. 

Young infections on slow-growing twigs or on the smooth bark of 
older branches or trunks are not so evident, but they generally show as 
som'^what di.scolored, dead areas, sometimes slightly depressed and 
occasionally with a raised margin. The area invaded may be nearly 
circular, gning a so-called “target"’ infection, but it is more frequently 
elongated in the direction of the long a.xis of the shoot or branch. The 
mvadod area gradually enlarges until the shoot or branch is completely 
encii’(*led. A hinall shoot may be coniple.ely encircled before the appear^ 
ance of fruiting pustules, but on larger limbs or on (he main trunk the 
fruiting pustules begin to make their appearance long before complete 
girdling has taken place. These fruiting bodies show as small, yellow, 
orange or reddish-brown pustules inch or slightly more in diameter) 
which break through the bark some distance back from the advancing 
edge of the lesion. 

"Phe interior tissue (inner bark invaaed by the fungus) is changed to 
a yclloxvish-brown color, which is in marked contrast to the bright color 
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of tbe normal healthy tissue^ and a careful examination by cutting away 
the bark will show the buff-colored fans of the fungus, which may have 
penetrated as deep as the cambium layer. 

During damp weather following rains, or in moist situations, lon^r, 
irregularly twisted threads, var3ring in color from buff to bright, yellow, 
may be extruded from some of the pust ules. These are masses of conidia 
or summer spores, and have been designated as '‘spore horns” or tendrils. 
The spore homsVhen first formed are soft and sticky, but when dr>' they 
become hard and brittle and are frequently darker in color. 

Young infections on old trunks or large limbs with thick, fissured bark 
cause little change in the appearance of the bark itself and the fungus 
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may have gained considerable headwa}’' before there is any external 
evidence of its presence. Sometimes the first indication of an infection 
on large limbs or trunks is the appearance of abnormal longitudinal 
splits or fissures. The orange or yellow fruiting pustules ajipear in the 
deep crevices or cracks, and spore liorns may be developed from these 
under favorable conditions of moisture and temperature. 

An infection with the blight fungus is sometime^? the cause of a pro- 
nounced Enlargement, or hypertrophy. This enlargement may involve 
the entire invaded portion or it may be more pronounced at the upper 
end of the lesion. Enlarged lesions are apparently the most frequent 
on vigorous shoots. Longitudinal splits or fissures in the bark are very 
characteristic of hypertrophied lesions. Tn many instances the lesion 
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may show a marked sunken area due to the killing of the invaded 
while the surrounding tissues have continued to grow at the normid 
rate This dead tissue may be more or less cracked or fissured and a 
typical canker developed. In the old lesions which have completely 
girdled a limb or branch the bark becomes cracked and fissured and 
begins to peel away. On old rough-barked trunks or branches the bark 
over old lesions will give a hollow sound when tapped, since the mner bark 
has been destroyed by the fungus The bark may be readily peeled 
away and the mne^ fibrous portion is more or less shredded. 

Aside from the discovery of the actual ie8iu;as there are various other 
symptoms which indicate the presence of blight. (1) dead ieavesTianging 



1S7 Piect of an infwttd branch showing numerous p\imdia and extruded siwre 
(oil<i or spore horns 

m characteristic ilrooping, clusters, which generally lema n on the tree 
during the winter, the persistence of burs, frequently undersiml, on 
the blight-killed blanches, (3) leaves of normal or reduced size become 
chlorotic, re(idish brown or brown and fall, leaving defoliated limbs, (1) 
the development of groups of vigorous, rapid-growing sprouts at localized 
points on branches or tiuuk or at the crown, marking the location of a 
girdling lesion 

d’ho tinal effect of the cankers is to kill the partt beyond the girdled 
zone, whether this is on twigs, branches or mam trunk I’he occurrence 
of Inink lesions is most serious, since, with the completion of the girdling, 
the entile tree must succumb In trees which have suffered from top 
infections for several years, the occurrence of blight-kiUcd branches gives 
a "stag-head” effect The wood of blight-killed trees is injured but 
little as a direct result of the disease, but if left standing it soon begms 
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t(]| deteriorate as a result of the work of insects and various species of 
woocf-destroying fung^ (Baxter and Gill, 1931). 

Economic Importance. — The completeness of destruction wrought by 
the disease is without parallel in the annals of plant pathology. It 
has been making a clean sweep, killing young growth and merchantable 
timber of the forests, and the beautiful shade trees of cities and country 
estates throughout the invaded territory. The chestnut tree has a won- 
derful capacity to sprout from stumps or the base of killed trees, but 
these young vigorous sprouts are soon killed by the disease, and finally 
no further growth is possible. In the areas of earlier infestations the 
fine chestnut forests, groves and .shade trees have entirely disappeared, 
and it seems possible that fhe extermination of the chestnut throughout 
its natural range may be the final result. It is difficult for one who has^ 
not witne.ssed the ravages of this disease to appreciate the thoroughness 
jf the destruction 

. During the earlier years of the epiphytotic various attempts were 
made to estimate the financial losses from the disease According to 
Metcalf (1913). 

The estirnutc of ,%25, 000,000 made in 1911 as representing the loss up to that 
time was probably much too conservative Hut the total loss to date is insignifi- 
cant compared yvith the loss which will ensu(' if the disease once attacks the fine 
chestnut timber of t,he South Appalachian. 

The disease lias continued unchecked since that time and the losses 
have amounted to more than that caused by any other forest-tree disease. 
AH this destruction has happened b('oause a struggling and insignificant 
parasite was carried from its home environment to a new territory, 
'riiis and other undesirable fungous immigrants are glaring examples 
of the early failure of this country to establish and maintain an efficient 
inspection of imported slock. 

Etiology.- 1'his chestnut disease is due to Kmiothta pam,siiiva (Murr.) 
A. and A., one of tlie sphere fungi or Sphieriales, w'hieh produci^s a Cyto- 
spora-like pycnidial stage and Valsa-like stromata containing \ho jieri- 
thecia. I'his fungus was first referred to the genus Diaporthe by Murrill, 
but the studie.s of Farlow, Clintim, Shear and the Anderson brothers 
(1912) have shown that it is an Kndothia and distinct from the native 
American sfiecies, which an* saprophytic, liehm (1907) referred this 
parasite to the Hypocreales (ergot fungi and allies') because of the bright- 
colored stromata, and named it Valsonccfria parositica (Murr.) llehm, 
but this binoQiial was never accepted by Ameriean pathologists. 

Endofhia paraHiiica has been shown by rep<*ated inoculations to b* 
true to its specific name, successful inoculations being readily made by 
pure cultur(*s, or by inye>elial transfers from active lesions. It is, how- 
ever, strieily a wound parasite, Inking unable lu penetrate the unbroken 
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periderm or bark of either young or old parts. The mycelium develops 
principally in the living cambium and bark and to S more limited extent 
in the outer sapwood of any pari of the host above ground, and cuntinuee 
‘to grow in dead parts as long as moisture and'food are available. The 
mycelium is at first a cottony white, but sooti becomes buff or yellowish 
and spreads out in the bark layers or in the cambium in the form of 
closely appressed sheets or fan-like layers. 

A month or more after an infection the mycelium begins the organiza- 
tion of the fruiting pustules for the production of pycnospores. Tbe^e 
pycnidial pustules or stromata appear as minute raised papill® scarcely 
larger than a pinhead, and show a yellowish or orange color when they 
break through the bark. Each pycmd is a dense aggregate of fungous* 
I issue, generally containing one (rarely more) large, lobuiiited cavity, 
lined willi innumerable vortical filaments or conidiophores, by which 



^uiorinous nunil>ors of inimite rod-sha)H*d bodies, the pynwsporeSy are 
|)roduce<l. 'These pycnospores are h/alinc. continuous, cylindrical, 
straight or slightly curved with rounded ends and average 1.28 by 3.56/;*. 
Due to their aceurnulation in the p^cnidia! cavity the external wall is 
ruptured and the spore mass omlicdded in inncilagiiious material oozes 
out in the form of a yellowiMi or orange, thread-like or flattened, irregular 
coil, the so-called *'sporc horn'' or tc*ndn!. 'Tbfse sptire horns are pro- 
duced tiuring moist j)eriods following rains* and j>ersist until washed away 
during some later storm. During ramy periods the pycnospores are 
being formed and washed away from nmlure pycnidia as.fast as they are 
forced out to the surface. A single spi re luan ot average size has betm 
found by actual analysis to contain as many as 115,000,000 p^'cnospores. 

After a period of activity the pycnidial pustules may be transformed 
into peril hecial stromata, which then show upon their surface a number 
of raised papiilie or a numlier of minute black dots, the ostioles or open- 
ings of the iienthccia or fiask-like lawlies burital deep in the stromata. 
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£&ch,perithecial stroma contains one to 60 (average 15 to 30) distinct 
flask-like perithecia, each of which opens to the surface by a long, black 
neck. The body of the perithecium is 350 to 400m in diameter, the outer 



Pia. 189. — Perithocial stromata in the crevices of rough bark 



Flo. 190.- -Groups of perithecia! stromata somewhat enlarged. 


wall made up of 10 or 12 layers of compact, dark, heavy- walled cells, 
the inner wall of two or three layei^ of thin-walled cells fmm which the 
asei originate. The neck of the perithecium is lined with thin-walled 
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hyphsB which project inward and upward and aoe especially prominent 
near the ostiole. The asci are oblong or broadly clavate, eight-spored, 
average 8.9 by 51.2iu and have a very delicate hyaline wall with a thick- 
ened ring at the apical end. The ascospores are irregular uniseriate 
or subbiseriaie in arrangement, hyaline, oblong to oval, one-septate, 
generally constricted at the septum and average 4.5 by S.Gjw. In mature 
perithecia, when sufficiently moist and temperatures are favorable, the 
asci are detached from the wall, and as they accumulate are forced up 
the long neck in a linear series. When an ascus reaches the ostiole and 



Fig* 191. — Section of a perithecia! stroma showing immerse^!, flask-shaped ponthecia which 
open to the surface by long ne^'ks. 


its tip is exposed to the exterior, it explodes and the eight ascospores are 
projected into the air. Another ascus I? pushed up to take its place, and 
in due time it expels its charge of spores. This process continues 'as 
long as new asci can be formed and conditions are favorable, S(> each 
perithecium may be called a repeating spore gun, whiqh is repeatedly 
firing its load of spores into the surrounding aii*. It muSt be evident 
that these ascospores, by* their method of discharge, are adapted to a 
wind dissemination, while the pycnospores, being embedded in a mucilag- 
inous matrix readily soluble in water, are more suited to dissemination 
by rains. 
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'rtie , pycnospores have frequently been designated as ^'summer 
spores,” but the developinent of the pycnidia depends largely upon the 
age of the lesion rather than on the time or season of the year Pycno- 
spoies are inoduced m abundance at all times of the year when tempera- 
ture and moist me conditions arc favorable, and are washed down in large 
nimibers-from diseased branches even during the warm winter rains, when 
the spore horns are rarely observed The ascospores have been desig- 
nated as the '' wintei spores,” but their time of maturing also depends 
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more upon the age of the lesion than upon the season of the year Matur- 
*ing perithecia ina^ be found at any season of the year, although they are 
fierhaps more abundant in tin fall and winter than at other seasons 
Successive crops of penlhecml stromata may be found on a single lesion 
which has persisted for a numbei of years The pathogene may spread 
throughout the bark of a blight -killed tree and continue to pioduce 
fruiting pustules, or they may be loiined in abundance m the bark of 
fallen logs Pycnids may even be formed on the bare wood of peeled 
logs or on the cut ends of the sapwood or on fragments of bark ok wood 
left in ch( pjnng The chest nut -blight fungus has a remarkable piiwei 
of spore production, both pycnospores and ascospores, and either form 
seeni'^ equally effective in producing infections. 

The pycnobpoies have been shown to survive for 2 to 3 months in a 
perfectly diy soil; they have been f6und in viable condition on normal 
bark below lesions as long as 14 days after a rain; they are washed down 
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from lesions with every winter rain in enormous numbers, but afe ^ven 
more numerous in the spring and summer; tht^y are carried in large 
numbers on* the bodies of insects which frequent cankers, as many as 
336,000 being obtained from a single insect {Leptostylus macula ) ; they are 
also carried by birds which frequent chestnut trees in search of insects, 
analyses showing that a single downy woodpecker had over 750,000 that 
were still viable on its feet, bill and head. Although early statements 
were made that the pycnosp^ores were wind disseminuted, no evidence of 
such spread has been obtained. Hain, insects and birds are t he important 
agents of their dissemination and, considering their resistance to desicca- 
tion, they might even be transported iong distances on the bark of nursery 
trees or in soil adhering to their roots, even though the stock was itself 
free from infection. 

The drying of bark does not preveni the ptuitheciii from expelling 
ascospores when again subjected to favorable moisture and temperature 
conditions. When dried in the laboratory for 2 months, spore expulsioft 
was active after 2 days’ exposure to moisture, and activity was even 
resumed by stromata that had been dried for nearly a year. 

The expulsion of ascospores takes place only under natural conditions 
when the stromata have b(*en moistened by rains Imt before the}' havi' 
dried Tests have shown ascospores 1o be very prevalent in the vicinity 
of infected chestnuts during the first 5 hours following the cessation of 
rains, and less abundant later, in some cases being prevalent as long as M 
hours after the rain. During winter rains the temperature is too low for 
expulsion to take place. At 38.6®F. no spt»res were expelled, only a few 
at 53.8°F., while the optiTniiin temperature for e\i)ulsi()n was 68 toS0°F. 
(Ileald and Walt(»n, 1914). It is interesting to note that this optiinuin 
f^r spore expr-isioii agrees . Ty well for the optiinuin for growth as given 
by Shear and Stevens (1913) ‘IVrithecia slu^w an almost jilienomcnal 
power of spore production, as shown by the fact that spores were expelled 
from some specimens every day for 108 days. Some penthecia were still 
active w'hen the t»st w^as discontinued” (Heald and Walton, 1914). 

Expulsion of spores from the penthecia of Endothia panfsiliai begins in the 
spring wnth the first wariii rains and increase's to a nia\iininn ot activity as condi- 
tions become more favorable, to be followed by decline in the fall wlieii lower 
temperatures jirevail, and ceases enti^el^ during tlie coolei portions of tlic year, 
although there may lie an abundant rainfall Ouring une-tliird to one-half ,gf 
the year there i.« then no evjiulsion with each rain of any consequence (Ileald 
and Studhalter, 1915). 

Activity of pustules is not exhausled in a single season, but may be as 
vigo^ou^^ during the second season as during the first. 4’his remarkable 
power of ascospore production is due to successive maturing of ascj, 
successive maturing of peritheciu and*to successive maturing of stromata 
ihroughout the season. 
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It haw been shown conclusively that the ascospores are wind-dissemi* 
nated. By exposure plates and spore traps it has been shown that 
ascospores are carried away from diseased trees in large numbers following 
each warm rain of any amount. They have been obtained in large 
numbers from the air '^00 to 400 feet from the source of supply, hence the 
conclusion is justified that they may be carried much greater distances. 
It is of interest to note that the period of their prevalence coincides with 
periods of moisture when conditions should be favorable for infections. 

All attempts to make infections with either spores or mycelium 
through the ^normal bark have beelf failures. It was thought that the 
lent^cels might offer an avenue of entrance, but there is no evidence that 
such is the case. Injuries of some sort which open the bark are necessary. 
Such injuries may be made in a variety of ways, but it is believed that 
certain insects are the most important agents in making openings. A 
bast miner which tunnels in the bark and emerges to pupate in thfj soil is 
very abundant throughout tlie natural range of the chestnut, and infec- 
tions can frequently be found which appear to center at the exit openings 
of this insect.. 

After an infection has been established the mycelium continues to 
grow, its rate depending mainly on the temperatures which prevail, rains 
having little or no effect on its advance. Anderson (1914) gives the 
average annual rate of growth or increase in the diameter of tho*lesion 
around the tree, based on a large number of measurements at Chartei 
Oak, Pa., as 15.97 centimeters. The growth was the most rapid during 
the summer months, but continued during the warmer periods of the 
winter months. The annual rale of prowth has been shown to be much 
more rapid at the .s(»uthern range of th(‘ disease (( 'harlot tesville, Va.) than 
at the most northern k»calily (('oncord, N. H.), where it was only about 
lialf that at the southern point. At a given latitude the rate of growth 
^also decreases with the altitude, 'fhese data would indicate a more rapid 
spread of the chestnut blight in its southern advance (Stevens, 1917). 

Host Relations.— All varieties of chestnuts, including the native 
American species, Cadanea clerdata^ and the Euroi)ean and Japanese 
species, are suscciptible to the Endothia canker. The eastern chinquapin 
(C. pumila) and the western chimpiapin (Castanopsis) can also contract 
the disease, but show considerable resistance. As previously noted, the 
Chinese and Japanesf' species show a decided resistance, so much so that 
in their native country they suffer but little injury from the disease. It 
is unfortunate that the native American species, the most valuable species 
commercially, ♦should be so exceedingly susceptible. The breeding 
problem in relation to the Endothia canker consists of producing resistant 
varieties for nut production and resistant varieties that will be profitable 
timber trees. Considerable progress has already been made in the pro- 
duction of resistant horticultural varieties by hybridizing (Van Fleet, 
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1914) and the introduction of resistant species and strains (roih the 
Orient (Galloway, 1926). 

Endoihia parasitica can grow as a saprophyte on the bark of various 
trees and has been found growing naturally m the woods on several species 
of oaks ((^uercus), Acer rubriim^ Carya ovaia and Hhus typhina. Inocula- 
tions on various species established the faci that the fungus was only very 
weakly parasitic on Quercus alba and Q. prinus, and led to the conclusion 
that the canker fungus is not a menace to other forest trees except the 
chestnut. 

Control. — The control of the Kndothia canker has been attempted 
under strictly forest conditions, in nut-producing orehards*and in orna- 
mental shade trees, but with little success in any case. Karly in* the 
epiphytotic careful pruning and tree surgery or the cut ring out of cankers 
alone or combined with spraying were used in the atiompt to save valu- 
able shade and orchard trees, but despite the most painstaking efforis 
owners saw their prized trees gradually go down. The most thoroilgli 
practice of this method of treatment only served to prolong the life of the 
affected trees, since they were constantly reinfected. I'his method of 
treatment for indiviihial trees would probably be successful in regions 
outside of the chestnut belt, where trees would not be exposed to infection 
from the (uilside. Internal Iherapimties or injections of toxic chemicals 
into the bark resulted in neither cure nor protection (Rumbold, 1920). 

The possibility of liiniting the stale or nation-wide spread of the 
disease thnmgh the forests was given spt'cial attention by Federal and 
state authorities. While most foresters and pathologists believed that it 
wxnild be im possible*, Pennsylvania w^as not willing to give ujj the fight 
without making a special effort The plan finally tried w^as first to locate 
s[X)t infections in tln> regiim beyoiul the area of general pre^^alence of th*' 
disease, and then an attempt w’^as made to eradicate these s}>ot iivfeclirms 
by cutting out and destroying the uifccted trees, following in(*fhods which 
were planned to reduce the chance,'^ of reappearance of the disease*. Even* 
the most careffil handling of these spot infections was not completely 
effective. Of 42 spots in wiiich eradication was altempti'd, 14 showed a 
recurrence of the disease. What result w'ould have followTd a second 
eradication was not determined, since Pennsylvania failed to provide 
funds for the continuation of the rk, which was discontinued in July, 
1913. Since that time only .sporadic efforts have been made by state 
authorities in any of the affected states and the disease has continu(*d its 
forward march. 

Within the invaded forest are.as the problem has be^jome one of the 
utilization of the chestnut timl)er m the most efficient way, since control 
has been abandoned. Blight-killed limlier deteriorates quite rapidly, 
hence should be cut and marketed us scKin as possible (Gravatt and Gill, 
1930), and the devastated areas devoted to other desirable species. 
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Studies’* on natural repKcement in the hardwood forests of the North- 
east have shown stands running very largely to oaks (Korstian and 
Stickel, 1927). 

The only lio|x* for the chestnut is tlie breeding of resistant or immune 
varietu's. The exleruiinalion of the American chestnut throughout 
its range seems (pertain unless nature herself intervenes. Extermination 
of species of trees has characterized former geologic times. It may be 
that such a process is being enacted before our eyes at the present time. 
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IMPORTANT DISEASES DUE TO SPHERE FUNGI AND ALLIES 

1. H V eOCHEALES 


flypocreacvir. 

Cankers of apple and pear and other woody species (Nccina gn/hgena Bros, el ai.).-- 
Cayll"!, I). M.: Some ohsiTv.'it ions on tli<‘ life h story of NeeJno galhgciui Bres. 
Alin. Hot. 35: 79*92 1921. /'KunKit, S M . ^'Jankers ol epple and pear in 

Oregon and their control. Ore. .Agr E^p. Sta. Fire. 73. 1-29. 1986. - : 

Eui*op<*aii canker of jxunaceous fruit tree.s (he. Agj . Exp, Sto. Hid. 222: 1 52. 
1926. WoLLENWKBEU, H. W.: Nectria-Krel)s. ' In Soraiier’s Handbuch rlei 
Pflanzenkrankheiten 2 : 550-558. 192S, Moui i/., O. : Stiulua) ul>(*r Nectriakrebs. 

I. Tnfektionsvor.such(\ Zeitschr. PjUinzerLkr. 2TA- 1930. 

Dicback or coral spot of woody species {Necina cninnhariuo (Tt)d(‘) h'r ) Cook, 
M. T.: A N(*etria parasitic on Norway maple. Phijtopath. 7: 313-314. 1917 

Line, .1 . 'The paniMtism of Nectria cinnahanua (coral spot) with sjiecial refer- 
enc(‘ to its action on reil currant. Trans. Hni. Myc. Soc. 8: 22 2S. 1922. 

WuLi.KNWKWKu, 11. AV. ! Die Gruppe Tuberculariastniin In Sorauer’s Haiid- 
biich dor PflanzeiikninklKMten 2 : 54(>- 549 ' 1928. Thomas, H. PI. and Biuirell, 
A. H. : A twig e.'inker of apple rau.s<‘d by Nectria cinnabanna. Phytojnith 
17: 1125 11 2S. 1929. 

Seedling blight or snow mold of cereals [Colonertn'a gronnnicola (Berk, and Br. 1 
AAolly Aflects i>rineipally wintei rv<*, .-md le.ss frequently barley and wheat. 
Conidial stage, Fnsariurn nivalc Cae.s. Wee.se, .1 . : Beit rage ziir Kenntiiis der Gat- 
tung ('alonectna. Myc. Centralbl. 4: 121. 1914. Srii.vi-f'MT, Ernst: Ueher 

di(‘ geogniphischc verbrcitung von Calmiectria gramimcolu und die Ih'deutung dev 
B(>ize des Roggens zur Bekainpfung des Pilzes. Landw, Jahrb. 64 : 523- 538 
1919. Oi'TTZ, Oberstbin and LEirziGEu: Kritische Betrai hningen zur Fusariuni- 
kraiikheit der W'intersaatgelreidos. Landw. Versuchsst. 97: 219-244. Atanas- 
OFF, Dimitak: PAusarium blight of the cereal crops. Mcded. Landh. Hoogesch. 
Wag. 27:^^1-132. 1923. Appel, O. Jr.: ITisariuin als Erregcr von Koimlings- 

krankheiten am AVintergetreide. Arh. Hiol. Reichanst. Land- nn^l For. stw 13: 
263-303. 1925, Kuampe, O.: PAisarium uls Erreger von lusskrankheiten am 

Getveide. Angew. Hot. 8: 217-26P 1926. Bennett, 1'. T.; On two spe<‘ies of 

I'lisarium, F. cubnorum (8m.) Sacr. and F. avenaceum (Pr.) Sacc. as parasites of 
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cereals. i4nn. A pp2. Bio2. 16 : 213-244. 1928. Baltskh, U.: Untetsuchungen 
9ber die Anf£lligkeit des Roggens fdr Fusariosen. PhytopcUh, Zeiisehr, %: 377- 
441. 193b. 

Seedling blight, foot disease and scab of smali grains and com root, stalk and ciu 
rot {Gibberella naubinelii (Mont.) Sacc.)* — Dickson, J. G.: Influence of soi 
temperatures and moisture on the development of the seedling blight of whea< 
and com caused by Gibberella savJtnnetiu Jour. Agr. Rea. 23: 837-870. 1923 

G. K. AND Caur, R. II. : Accumulation of aluminum and iron compoundf 
in com plants and its probable relation to root rots. Jour. Agr. Res, 28 : 801-823 
1923^ Hoiaert, J. R., BurLibon, W. L., Koeulbr, B., WooDtaoRTH, C. M. and 
Dunqan, G. H.: Com root, stalk, and ear-rot disease, and their control through 
seed selection and breeding. lU. Agr. Exp. Sta. Bui. 266 : 2377478, 1924. 

Dunbqan, G. H.: The influence of plant injury and the root-rot diseases upon 
the physical and chemical composition of com grain. lU. Agr. Exp. Sia. Bui. 
284: 2.'53-281. 1920. Scott, I. T.: Varietal resistance and susceptibility to 

wheat scab. Mo. Agr. Exp. Sta. Res. BuL 3: l~li. 1927 Christensen, J. J., 
SfAKMAN, E. C. AND Immer, V. R.: Susceptibility of wheat varieties and hybrids 
to fusarial-head blight in Minnesota. Minn. Agr. Exp. Sta. Tech. Btd. 69: 1~24. 
1929. Dickson, J. G. and Mains, E. B.: Scab of wheat and barley and its 
control. IJ . S. Dept. Agr.^ Farmers' Bui. 1699: 1-17. 1929. Bennett, F. T.: 

(Hhberella saubineiti (Mont.) Sacc. on British cereals. Ann Appl Bwl. 17: 
43-68. 1930. Chiu To: Physiologic specialization in Fusanuru spp. causing 

h(*ad blight of small grains. Minn, Agr. Exp. Sta. Tech Bui. 74: ^-27. 1930. 

Ergot of rye and other cereals (Chiviceps purpima (Fr.'l Till). --(See specnal 
treatment, p. 692.) 

False smut of rice and maize {VMoginoitlea nrens (Cko.) Tak.),- - Haskell, R. J. 
AND Diehl, W. W. : False smut of maiz^ , l^stilagmoidea. Phyiopath. 19 : 589- 
692. 1929. 

Cat-tail fungus of grasses (Eftichlet tyj hina Till.).- Atkinson, G. F.: Steps tow’ard a 
revision of liiiosporous species of Nortli American graminn'oloiis llypocn^acea*. 
Torny Hot. Glub Hul 21: 222-22.*>. 1894. VLADiMiksKA.TA, N. N.: Sur la 

bioIot!:»i‘ <le VE} ichlar typhina 3'u1 Ln Dtfeu.'ie Plant. Laiingr. 5 : 33.V347. 1928. 

Bknedic't, D. M.- a greenhouse stud> of the eoiudii. I stromata of Epichla typhma. 
Popii\y Mich. Acad. Sci. 9: 47-,'>4. 1929. 

Insect-cast fungus {('ordycep^ iniUlarih (L ) Link and other species). r- Tliese fungi aro 
of intcrol becau.sc they parasitize insects and transform their bodies into sclcrotia. 
Masskl, (i,: A revision of the genus Cordyceps Ann. Hoi 16: 522. 1S96. 

Laoehrehij, T. ; €ordyceps 7mlitariti (L.) Link. Sverigi Svensk. Hot. Tidskr. 16: 
285-290, 1922. Fetch, T, : Studies in entomogenous fungi. IV. Sonic 

Ceylon Cordyceps. Trans. Brit. Myc. Soc. 10; 28-45. 1924. 

II. Dothidiales 


Dolhidtocece. 

Black spot of clover {Phyllachora irifolii (Pers.) Fck). — This fungus has reoently been 
named Phwrightia trifolii by Killian and has been referred to DothideUa by Elliot t 
and Stansfleld. Killian, Karl: Le Polyihrindufn trifolii Kunse parasite du 
tr6flo. Rev. Path, V4g, et Eniom, Agr. 10 : 202-219. 1923. Elsiott, F. S. B. 

• AND Stansfield, O. P. ! The life history of Polythrincium irifoliu Trans, Brit, 
Myc. Soc. 9 : 218-228. 1924. 

Black spot of elm {DothideUa ulmi (Duv.) 'Vjfint.}. — K iluan, C.: IjC ddvebppement 
du DothideUa ulmi (Duv.) Wint. Rev. Qfin. Bot. 82: 534r-551. 1920. Miles, 

L. E.: Leaf spots of the elm.* Bot, Gai. 71: 186-189. 1921. 
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Bliek spot of graoses (PkyUachora gramtnu (Pera.) Fck.), — Khabbubh, S.: Etude 
cytologique gur le Ppyllachora graminis (Perg.) Fck. Rev. Path. V4g. et EnUm. 
dfrr. U; 267-271, 1027. 

Black knot of plum and cherry {Plowrightia ntorbona (Scbw.) Saec.), — (See special 
treatment, p. 603.) 

Black knot of currant and gooseberry {Plowrightia rihesia (Pers.) Sacc.). — Hoqan, 
1. A.: The parasitism of Plowrightia rtbeeia on the currant. Trans. Brit Myc. 
5oc. 12: 27-44. 1927. 


[II. SPHiGHIALES 

Pinespple disease of sugar cane {CeraiontomeUa parothra (DeS.) Dade). — Massee, G.: 
Chi TrxchoRpharia sacchan Mass., a fungus causing a disease of sugar cane. 
A7ir. Hot. 7: 51,5. 1803. Dade, H. A.: CeratostoTnella paradoxOf the perfect 

«tage of ThitUn^op^ia porcff/oxa *(DeS ) von II. Tfans. Brit. Myc. Soc. 13: 184 
104. 102,5. This iinp#ufect fungus was formerly thought to he connecteii with 

TrichosphiBt'iu sacrhori Mass 

Bluing of western ytllov pine {PeratostonieUa ptUfera (Fr.) Winter). -Schbenk, II. 
vttN: The “hluing’’ and the “red rot“ of the w'esteni yellow pine» with special 
reference to the'Ulack Hills Forc»st Reserve. U. S Dept. Agr , Bvr. FI. Iii*i 
Hal 36: 1-40. HhVJ. IIi’bekt, E.: Blue stain of wood. In Outline of Fore^^t 
PathologY pp 170 175 John Wilev & Hons, Inc., New Vork. lt)31. 

Black rot of sweet potatoes {Ceraio'itoweUn Jimhnala Elliott).- Halsted, B. 1). and 
Fuucnn.D, D G; Sweet-potato hhick rot. Jour. Myc. 7: 1-11 1890 

Elliott, J. A : The ascigcr<m.s “tage of the sweet-potato black-rot fiingna 
Ph'iiiopaih. 18: ' A cytologi(‘al study of FerntoHiomyetln ttnbnat^\ 

(E i H ) Elliott. F/uffoprih 15:417-122 1925 IvAURitzbn, J 1 : Intcction 

and temperature ns of black rot of swTct jx^iatoos m storage wjour Ayi 

Re^. 33: 6tk3-676. Dih. 

Bark fungU^of stone fruits. /( 'ain^phtma pnnrfp.s l\\\ ) Although tim ouigus oicurn 
on bark of living trees as w’eil as ou dead braiu’hes it does no! seem to cauM 
material injury. f 

Black rot, canker and leai spot of apple {Physalgapifra tnulorum (Berk.) Shear) 
tSeo 8j>ecial trentTnen* j) 629.) 

Blight of stone fruits {A^rohjtora hcijtnnckti Vujll ). ^ The attClge^on^ stage ol thiN 
fungus has not been found in AiuerwA. (See Blight ot Stone rruits. iin<i» » 
Imperfect Fungi, p 707.) 

Dieback of peach, plum and other stone fruits {I uha leucoatouiAi Fr.). Rolfs, h . M 
Winter killing of cankers and sun hcald of poach trees Mo Fruit Kxi 

kitu Bui 17: 9-101. 1910. Wormald. II ’* The (^ytoBpota disease of the clierry 

Jour. S. E. Agr College, Wye 1912: 367-380. 1911. Lbonian, L. H.. The 

physiology of penthceial and pycnidial formation in Vctlsa Icucontoma. Phylo- 
patk 13: 2,57-1472. 1923. TuOashi, K.: Morphological studies of Lenrotitonui 

leucoitloma and Vata japonica, the causal fungi of canker or dieback disease of 
peax'h trees. But. Imp. CoU. Agr. and For. Morioka, Japan 14: 1-50. 1930. 

: Comparative st4idie9 on the physiology of IjeucosUma leuconloma mid 

Fahio japomca. Und 16 : 1-76. 1930. 

BUl^t of filberts and hazel (Cryptosporella arumala (Fk.) Sacc.).— -H umphrey, J. E.: 
A hazel fungus. Mass. Agr. Exp. Sta. Ann. Kept. 10 : 242-243. 1893. Barbs, 

H. P.: Ehstem filbert bhght* problem. Cal. Dept. Agr. Mo. Bui. 10 : 250-257. 
1921. : Ibid. 19 : 489-490. 1930. 

Dead-arm disease of grapes {CryptospareUa viticola (Red.) Shear). — Reddick, D.. 
Necrosui 6f the grape vine. Cornell .Univ. Agr. Exp. Sia. Bui. 268 : 323-343. 
1909. Shear, ^ r. L.: TThe awM^genous form of the fungus causing dead arm of 
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the grape. Phyiopaih. 1: 110-119. 1911. GHuacar, C. T.: A rot of gra|kitt 
caused by Cryptosporella vxiicola. Phytopath, Si: 20-23, 1913. Reddick^ D.: 

Dead-arm disease of grapes. N, Y. (Geneva) Agr, Exp. Sia, Bvl. 389 : 46^90. 
1914. CoLBHAN, L. C.: The dead-arm disease of grapes in Ontario, a prelims 
nary study, ScierU. Ayr. 8: 281-315. 1928. 

Currant cane blight (Boiryoaphaun ubifi Grossonh. Duggai) (im)s.si!:NBACHfiK, 
J. (J. AND Duooau, B. M : a i‘ontnhutioii io the life history, jKirusitisin, and 
biology of Botryosphcena ribia. N. Y. (Genvvn) A(jr, Ejp. Sta, Tech, Bid. 18: 
114-190. 1911. Stevens, N. E. and Jenkins, A. E.: Occurrence of the currant 

cane-blight fungus on other hosts. Jour. Agr Res. 27 : 837- 844. 1924. Shear 

C. L., SrEVKNs, N. E and Wilcox, M. S : Botr>^(>sph«!rm and Physalospora 
on currant and apple. Jour. Agr. Res. 28 : 589-598. 1924. Stevens, N. E.: 

Occummcc of the currant canc-blight fungus on numerous hostiS in the southern 
stateb. Mycologxa. 18: 278-282. 1926.- • 

Bitter rot or ripe rot of apples, pears, quinces and grapes (Glonierella cingulatn (St.) 
Sji. A von S.). — ScHHENK, H. \oN AND SpACLDiNc, P : Thc bitter rot of apples. 
U S\ Dept Agr, Bur. PI Ind But. 44: 1-54 1903. Kcoit,. W. M.: The 

control of apple bitter rot L \ S, Dept Agr., Bur. PL Ind. But. 98: 1 36. 1906. 

RoBEiiTS, J W s ’’Ihe sources of apple bitter-rot infectious II S Dept Agr.* 
Bui 634: 1-25. 1918. and Piehcl, L : Apple bitter it)t and control. 

iL S. Dtpi. Agi , Farrieis* Bui 938: 1 14 1918. Hart, R. H. and Schnei- 

DEUHAN, E. .) New methods of bitter-rot control Va Agr Exp. Sia Bui 
264* 1-22 1927 

Cotton aulliracnose (( rlontei elh go-sypn (Sooth.) Edg ). — Edoerton, C.^ W.. The 
perfect stage of thc cotton anihiacnosr Mycologia 1: 115-120 1909 Db 
R J H vS^>ir\o studies on the PoUetotnchum goi>sypn Go Agr. Exp. 

Hui 86* 1 bi. 1909, Barre, H VV.: Oitton antliracnose investigations 
Report of progress. S. P.Agr K.Tp. Sta. Ann Rep1,22:H*A 118 P>09. - - 

anlhracno.se S C. Agr. Exp Sia Bui 164: 1 22 191*^., Edcerton, 

(' VV Th(‘ rot.s »)f the cotton hoU. La. R/r Erp Sfa. Bui 137: 20 59 1912 

Jeisll, R. a. and Wl^TEIi.•', R. J Contit»J of cotton anthradiose ami iniprove- 
incnt of cotton )ii North N G Drpf. Agi Bui 41 *.13 -28 1920 

(luHNui, . \\ . (Uot ton djsf‘a.scs and their (•(♦ntrol ' f *S Ijt pt A (p ^ Farmers' 
Bui 1187: 1921 Lx own. G A Studies with aiithracnoi^o infection 

in cotton ^eed S (' Agr Ktp Sia Bui 222: 1- .^/2 192r> Lehman, S G.: 

Stufhes on trealnuiit of cotton '^eed X (\ Agr. Kip. Sin Tech Bui 26: 1-71. 
1925 

Root roi (Ro^elhnui 7it'4Uinx (llaix ) Berl ) AlTeets grapes, plmiifc, cherrixs, apneots, 
and even iierl)aci*ous hosts, lor example, potatoes, p(‘as, etc Vi^la, P , Mono 
grapliie dii poiirridie des vignea et arlires fniitiers. Pans, 1891. Nowell, 
William. RoBelliinn root diseases m tlir lesser Antilles Wed Indian BuJ 
16: 31-71 1916 Lindau, (». and Riehm, E,: In Sc^rauer s Ilandbuch der 

Pflanzenk rank hei ten 2: 285-288. 1921. Mercuri, S. : Mart mine radicals del 

carciofo. Boll R. Staz. Patol. Veg. Roma, n. a. 7: 347-364. 1927. 

Root rot of oaks (Hosellima quercina Hart.). - Hartig, R.: Untersuchungen ailfi 
dem Forstbotan. Inst. z. Muncheii 1; 1. 1888. Waldie, J. S. 1: An oak seed- 
ling disease caused by RoseUinia queircina. Forestry 4:1-6. 1930. 

Canker of hickory (RoseUinia carym Bonar). — Bonar, Lee; The life hjptory of RoseL 
• linio carpet Sp. Nov. causing a hickory canker and disease. Phytopath, 12: 
.381-386. 1922.- 

Cranberry rot (Acantharhynchus vaccinii Shear) — Shear, C. L., Stevens, N. E. and 
Bain. H. F.: Fungous diseases of the cijltivated cranberry. U. S. Dept. Agr 
TPch.But 2^8M-57 193K 
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H$rpo:^]oii canker of poplar (Hj/poxyhn prviwUum (Kk>t) Oke.). — ^Bypoxylon 
poplar cankers. PoV Ait, Aiotrsd; Phytopalh, 14; 140^145. 1924. 

Blister canker of apj^e {NummtUaria diaereia (Schw.) Tut.). — Cooper, J. E.: Studies 
of the etiology and control of blister canker on apple trees. Neh, Agr. Exp. 
Sta. Res. Bid. 12: 1-117. 1917. Ross, D. H.: Bli^r canker of apple trees, a 

physiological and chemical study. Bai. Gaz. 67: 105-146. 1919. Gloyer, 

W. 0.: Blister canker of apple and its control. N. Y. (Geneva) Agr. Exp. Sta. 
Bid. 486; 1-71. 1921. Anderson, H. W.: Orchard practice for the control of 

blister canker of apple trees. lU. Agr. Exp. Sta. Circ. 268: 1-16. 1922. : 

Experiments with blister canker of apple trees. lU. Agr. Exp. Sta. Bid. 340: 
1-90. 1930. 

Black root rot of apples (Xylaria niali hVomme).-'WoLF, F. A. and Cromwell, 
R. O./Xylaria root-rot of apple. Jour. Agr. Rea. 9: 269-276. 1917. Fkomme, 

' F. D. AND Thomas, H. E,: Black “root rot of the apple. Jour. Agr. /?«*. 10: 

163-174. 1917. : The black root-rot disease of apple. Va. Agr. Exp. 

Sta. Tech. Bui. 34: 1-52. 1928. 

Oak canker (Diaporthe tcdeola Fr.). — Hartig, A.: Eine krebsartige Rindenkraiikheit 
der Eiehe. Farad. Naturw. Zeiischr. 2:1. 1893. 

'Sweet-potato dry rot (Diaporthe baiataiu (E. & II.) Harter agd Field). — IIauter, 
L. L. AND Field, Ethel, C.: A rot of sweet fW)tatotHj eaust^d by Diaporthe 

baiatatia. V. S. Dept. Agr.j Bur. PL Ind. Bui. 281: 1-38. 1913. and 

Wbimer, J, L.: A monographic study of sweet-potato diseases and their eonlnd. 
V. S. Dept. Agr. Tech. Bui. 99 : 68-69. 1929 

Brown canker of roses (Diaporthe umbnna .leak.).- -Jenkins, Anna E.: Brown 
canker of roses caused by Diofn/rlhe umhrina. Jour. A\p. Ue>^. 16: 593 5tH). 

1918. : Development of brown canker of roses. Jour .Agr. Rea. 42: 

293-299. 1931. 

Pod blight of lima bean (Diojutrlhe phaaeolarum (0. ^ K ) Sacc ) - 11\hteu, Jj. l.: 
Pod blight of the lima bean caused by Diujutrihe phasvolarum. Jour .Agr. Rea. 
11:473-504. 1917. 

Chestnut blight or Endothia canker (Ev^othm paraaitica (Muir.) And. A: Ami.). 
(See .special treatment, p. 641 ) 

Anthracnose of sycamore ((hiamoinn njirto (Sacc. A Speg ) Kh-b.).-- Also attacks 
oaks Bankin, W. II.: Manual id 'JVec Diseases, pj). 237 2.3S; 333-33S. Tlie 
Macmillan Company 1918. \VEsTEum.iK, J and Ltti.ik, A. van. Die (Jloeo- 
s{)oneM der Eiehc uiul der Platane. Medui. PhytopoH L^th. H ?///c Pomruehu 
SchoU. Avi^ierdam 4: 3-21. 1920. 

Leaf spot of elm ((Imrowma uhnea (Schw ) Thuiii.}. Miles, It. K.* Leaf sp(;tH of tho 
" eirn. Bot. Gaz. 71; 161-196 1921. 

Anthracnose of walnut ((fnornonw Irpfo'ityla (Fr.) Cos. A d. Not ) Kleuaun, H.: 
Zuzammenhangc von AHcoinyccteii nut Fungis imperfect is. Ccntrtdbl. Ball, 
u. Par.f II Abt. 16: 336. liK)5. Peyuunel, B. : S<‘Vcniaincn<o di Ma^'^onia 
juglondis awi nirnie polloni del nocc. Star, Agr. luU. 63: 168 171. 1920. 

Black rot of grapes (Guignaraia bidurilii (Kllia) V. A R.).- Reddick, D.: The black- 
rot diseases of grapes. Cornell Vniv. Agr. Exp. Sta. Bui. 293: 289-361. 1911 

Rhoads, A. 8.: Grape diseases with special reference to black rot and anthracnose. 
Fla. State PL Bd. Quart. Bui, 8: 102-113. 1924. Rokieh, A,: Lc black-rot. 

Rer. Vihe^ 74; 5-10; 21-25; 37-40; 5;i-56; 69-71. 1931. 

Blast or early rot of cranberry (Guignardta vaccinii SItear).— Shear, C. L.; Cranberry 
diseiims. U, S. Dept. Agr.^ Bur. PL Inti. BvL 110: 12-26. 1907. : Cran- 

berry diH<‘aHr\H and thwr control, ^U. S. Dejd. Apr., Farincra' Btd. 1081: 5-H. 
1920. (See also cniiibcrry rot, p. 659.) 
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Leaf hlotch el horse cheattmt iflvigfkairdia meuU (Pk.) 8tew.).^~-6TBWAitt, Y- 
The leaf blotch of horse chestnuts. Pkylopath. 6: 5-t9. 1916. Corn^ UMtf^ 

Agr. Exp. Slo. Bid. 871: 411-419. 1916. 

Strawberry leaf spot {MycosphwreUa fragarim (Schw.) Lind.). — H bsleb, L, R. and 
WusTzsiL, H. H.: In Manual of Fruit Diseases, pp. 420-425. The Macmillan 
Company. 1917. Noack, M.: In Sorauer's tlandbiich der Pfhuusenkrank- 
heiten 2 : 624-626. 1928. 

Leaf spot of Rubus species {Myc^hasrdla rubi Roark). — Roark, E. W.: The Sep- 
toria leaf spot of Rubus., Phytopath. 11 : 326-3331 1921. 

Spur blight of raspberry iMycoatptmi'eUa ridnna (Pk.) Jacz.). — S aokbtt, W. G,: 
Spur blight of the red raspberry caused by SphcereUa rubina. Colo. Agr. Exp. 
Sta. Bvl. 206: 3-2G. 1915. Koch, L. W.: Spur blight of raspberries^in Ontivrio 

caused by DidymeUa applanaia. Phytopaih. 21: 247-287. 1931. 

Leaf spot of currant and goosebeiry {M ycoaphcereUa groasularioB (Fr.) Lind.). — Stone* 
R. E : Studies on the life histories of some species of Septoria occurring on Ribes. 
Phytopath. 6: 419-427. 1916. Vasil’bvskii, N. I: Zur Biologic Septoria ribia 

Desm. auf Ribes nigrum Bolezni Rost. 18: 12-21. 1924. Gennan r^sum^, 

pp. 20-21. 

Leaf spot of pear (Myco8ph<ereLla aenltna (Fr.) Scrot.). — Dugqar, B. M.; Some* 
miportant pear diseases* I. Leaf spot. Cornell Unir. Agr. Exp. Sta. Bid. 148: 
597-611. 1898. Latbacu, F.* Unter^chunpen 9ber einige Septoria^arten und 

ihrc Fahigkeit zur BLlduiig hoherer Frucilormen I und II. Zeitachr. Pfiamenkr, 
30:201-223. 1920. 

Mycosphsreila wilt and black rot of cucurbits {Mycosphoerella ettridlina (Smith) 
Gross.). — Grosben BACKER, J. G.: A Myc'csphaerella wilt of melons, N. Y. 
(Geneva) Agr. Exp. Sta Tech. Bui. 9: 196-229. 1909. Hemmi, Takbwo: On 

the occurrence of Mycosphaorelhi will of muskmelons in Japan. Phytojmth. 12: 
394-397. 1922. Meter, F., Dhechbler, Charles and Eddy, Emery; Cucum- 
ber black rot caused bv M yco^phcerdla citrullina. Phytopaih. 12; 43. 1922. 

Dry heart rot and leaf spot of beets ( Mycoapharella tabifica (P. & D.) Johns.). — N oack, 
M . In Soraiicr’s Ilandhuch der Pflanzenkrankheiten 2 : 619-622. 1928. 

Campanilk, G : Sulla Phoma hetoe h>ank wmapgentc delba morrua delle beitolc 
lie] semcnzaia in Italian Boll Mens. Inform, e NoL R. Staz. Paiol. Veg. Roma 4: 
39 48. 1923 G.-htmanv,, K : Uiitersuchungen liber die Herzkrankheit (Phyl- 

lonekrose) der Runkel- u Zuckerruben: I. BeiblaU zur V iertdjahrachrifis der 
Naturges. in Zurich 70: 1-106 1925; II. Landw. Jarb. der Schweiz 44: 143-150. 

1930. Brandenperg, E.: Die Herz-und Trock^nfaule der Ruben als Bormangel 
ErschiMuung. Phiftopalh. Zertschr 3: 499-517. 1931. 

Ascochyta blight of peas (Mveoaphitreila pinodcs (B. Bl.) Stone).— S tone, R. E.* 
The life history of Ascochyta on some leguminous plants. 1. Ann. Mycol. 10: 
564-594. 1912. Tl. Phytopaih. 6: 4-9. 1915. Jone.s, L. K.: Studies . . . 

of peas caused by species of Ascochyta. N. Y. Agr Exp. Sta. Bui, 547 : 

1927 Linford. M. B. and Sprague, R.: Species of Ascochj^ia parasitic on 
peas. Phytopaih. 17: 381-398. 1927. Ludwig, 0.: Untersuchuiigen lu 

Ascochyta pisi Lib Beitr. Biol. Pftam. Cohn. 16 : 465-510. 1928. Spragub, B..T 

Host range and life-history* studies of some leguminous Ascochyt®. Phytopaih. 
19:917-932. 1929. 

Ring spot of cauliflower (Mycosphasretla brasnicola (Duby) Lmd.).- — Qsmun, A. V. 

• AND Anderson, P. J.: Ring spot of cauliflower. Phytopaih. 6; 260-265. 1915. 

Leaf spot of iris (DidymeUAna macrospara Kleb.).- -Himmblbaur, W.: Heierosparium 
gracile (Wall.) Sacc. auf Iris blatleni. Zettschr. Landw. Vcrsuchst. DeutHchosterr. 
23: 131-141. 1920. Tisdale, W. B.: Iris leaf spot caused by DidymeUina tridts. 
PhyU}ftath. 10: 148-163. 1920. Klebaun, H.; Uel>er drei auf Ins gefundene 
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PeHhenen and die sufehdiigen Konidienpilxe. Ber. Deutech. Bot. OetdU. 4S : 60-* 
71. 1924. Pbrrault^ C; A common leaf spot of iria in Quebe(^ Ann. Repl. 
Quebec Soc. ProU Plants 19: 87-103. 1927. 

A|»ple Mab (Veniunn inmqualis (Cke.) Wint.). — (See special treatment, p. 612.) 

Pear scab {VerUuria pinna Adcrh). — Smith, *R. E.: Pear scab, C(d. Agr. Exp, Sta, 
Bui. 168: 1-18. 1905. Fisher, D. F. and Nkwcomber, E. J.: Controlling 

important fungous and insect enemies of the pear in the humid sections o' the 
Pacific Northwest. U. S. Dept. Agr. Farmers' Bui. 1056: 1-34. 1919. Pxjt- 

TERiLL, V. A.: Pear scab in the western province; experiments and fads relating 
to its control. Union S. Africa Dept. Agr. Bui. 2: 1-31. 1922. Curtis, K. M.: 
Ascospore ejectign of the apple and pear black-spot fungi. New Zeal. Jour. Sci 
and Teeh 6 : 83-90. 1922. Cunningham, C. II.: Apple and i>ear black spot' 

their ajipearancc, cause and coutrol. New Zeal. Jour. Agr. 26: 20“3l. 1922. 

Bhkreton, W. L,, Hambuin, C. O. and Stokes, W. B.: Black spot of pear and 
apple. Agr. Gaz. N. Wales 83: 123-1.30. 1922. Cuhtir, K. M.: Black spot 

of apple, pear. Experiments in possible methods of reducing infection New 
Zeal. Jour. Agr. 28: 21-28. 1924. Noack, M.: Sorauer^s Ilandbuch der 

PdansenkrankheitcTJ 2: 632-637. 1928. 

The brown-felt blight of pine \,Nt'opeckio couUen (Peck.) Sacc.).— S^rnaois, W C.: 
Herpotrichia and Neopeckia on Conifers. Phylopath. 3: 152-158. 1913 

Boyce, J. S.: Spore variation in Neopeckia couUen. Phyiopaih. 6: 357-359. 
j916 Savulehcu, T. and Rarsh, T.* Un parasite des pins peu connu en Europe, 
Neopeckia couUen (Pock.) Haev Ann E/np/?. 14: 322-353. 1929 

Scab and dieback of poplar {Venturi a tremulte Ader Syn IHdymosphocria jiopulirw. 
Vuilb). — The causal relation of this fungus to the dieback has hi‘en disputed. 
VuiLLEMiN, P,: La maladie du peuplier pyramidal. Conkpt Rend 108: 632 
1889; Reif Myc. 14; 22. 1892. Prillieux, E.: Sur la maladie du^piMiplier 

pyramidal. Bui. Soc Myc.Fronct B:26. 1892. Noack, M. Sonnier’s Handbuch 

der Pflanzonkrankheiten 2: 6^11-632. 1928, 

The wbite-fclt blight of conifers {AeanthosUgmo parasiticum (Hartig) Sacc.).-- Hartio, 
R. : Allgem. Forsi^ u. Jagdzeit. 1884^: 11. 1884. Nofpray, E, : Maladie des 
aiguilles du sapin ct de lY‘piccH Jnvr. Aqr. Prat. 87 : 178-179. 1923, 

Brown-felt blight of conifers {Herpotrichia nigra Ilnrtig and H. quinquiseptala Weir).- 
Weir, j. R : a now leaf and twig diseas^e of Ptrea engelmanm. Jour. Agr Res. 
4: 251-2.54. 1915 (Sec also STruois, Inc. ri/., under Brown Felt Blight of 

T5ne, p. 662.) Hubert, E E.: Brown-felt blight In Outlines of Forest Pathol- 
ogy, pp. 167 -170. 1931. John Wilry k Jkms, Inc., New York. 

Cane blight of raspberries {Leptosplmio coniothynum (Fcl ) Sacc ) — Also occurs on 
rose, blackberry and apple. Stewart, F. O. and Eustace, 11. J. ; Raspberry cane 
blight and raspberry yellow.s. N Y. {(rcneva) Agr. Exp. Sta. Bui. 226: 331 -366 
1902. G088OW, II. T.: Parasitic rose canker. A new disease in roses. Jour. 

Roy. Hart. Soc. 34: 222-230, 1909. O’Gara, P. J : Parasitism of Comoihyrium 

fuclelii. PAytepo/A. 1; 100-102. 1911. Cunningham, G. H.: A fungus disease 

attai'king blackberr}', identified as raspberry cane wilt. New Zeal. Jour. Agr. 
24:23 26. 1922. 

Speckled blotch of oats {Leptosphecria avenaria Weber).— Weber, George, F.: 
Heptfina diseases of cereals. Phytopath. 12: 449-470. 1922. 

Speckled-leaf botch of wheat {Leptosphema IrUici (Gar.) Pass.). — Weber, George, 
F. : Bopioria disease of wheat. Phytopath. 1&: 558-583. 1022. Riyera, V.: 

Osaervasioni sopra la reeetiivita de alcune varieta di frumento per di Septoria 
graminum Desm. Boll. R. Staz. Pcdol. Veg Roma^ n. s. 8: 248-257. 1928. 

Tako-aB of wheat (Ophiobolus eanceti (B. & Br.)^ Saee.).~- Waters, R.: Take-all 
dtaease in wheat. Incidence in New Zealand. New Zeal. Jour. Agr. 20: 137- 
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143. 1920. FmpATBiCK, H. M., Thomas, H. E., and Kirbt, H. The 

Ophiobolus causing take-all of wheat. Mycologia 14: 30-37. 1922. Kiebt, 
R. 8. ; The lake-all disease of cereals and grasses. Phytopath. 12 : 66-68, 1922. 
Samcel, G,: Take-all investigations. Jour. Dept Ayr. S. Avat. 27 : 438-442. 
1923; 1134-1147. 1924. Davis, R. J.: Studies on Ophtobolua graminia Sacc. and 
the take-all disease of wheat. Jour. Ayr. Res. 81: 801-825. 1925. Kirby, 
R. S.: The iako-all disease in ceieals A grasses caused by Ophiaholua cariceli. 
Cornell Univ. Agr. Exp. Sta Mem. 88: 1-45. 1925. Jones, 8. G.: The develop- 
ment of the peritherium of OphiotM>liis graniirns 8aor Ann, Boi. 40 : 607-629. 
1926. Fellows, H.: Some chemical and moiplifdogical phenomena attending 
infection of the wheat plant by Ophiobolus graminis. Jour. Ayr. Res. 87 : 647- 
661. 1928. Rtibsell, K. C. : Field studies of take-all in Saskatchewan. Setant. 

Agr. 10 : 654-668. 1930. * 

Leaf spot of alfalfa and clover (Pleoiii>h<trulim briosiam Pol.).— M elchers, L. E.: A 
new alfalfa leaf spot in America. Science^ i\. s. 42: 536-537. 1915. Hopeinb, 
E F.; The Spherulina leaf spot of clover. Phytopath. 18: 117-126. 1923. 
Miller, J. 1L: Preliminary studies on Pleosphcerulino briodona. Amer. Jour. 
Boi 12:224-237. 1925. 

Stripe disease of barley (PleoKjwm gramineum Died.).— Hayes, H, K., Stakman, E. C.,* 
(Iriffke, F., and Christensen, J. J.: Reaction of liarley varieties to Hclmin- 
thoHponum vnri<*ties. Minn Agr. Exp. Stn. Tech. Bui. 21: 1 47. 1923. 
Reddy, C, S., and Burnett, L. h Development of seed treatment for the control 
of barley .stripe, Phytopaih. 20 : 367-390. 1930 (See also Stripe Disease 
ot Barley under Diseases Due to Imperfect Fungi, p. 703.) 

Ret blotch of barley {Pyrenophorn irichootoma (Fr.) Wint.). — J ohnson, A. G.: The 
ascigerouh stage of HelminthoHjHrrium teres Sacc. Phytopath. 4: 408. 1914. 
(St'e also Net Blotch of Barley under Diseases Due to Imperfect Fungi, p. 708.) 



CHAPTER XXIII 


DISEASES DUE TO IMPERFECT FUNGI 
FUNGI 1MPERFECTI 


Id the great groups of fungi many species produce at least two typt's 
of spores qt spore fruits in the course of their life cycle, as follows: 



I 

II 

i 

Black molda and allies (Zygomycetes » . . . 

Zygospores 

Sporangiospores or con- 

Downy mildews and allies (Odmycetes) . 

OOspores 

idiospores 

Conidia or swarm spores 

Powdery mildews and allies (Peri- 

Perithccia 

Conidia of the Oidiiim 

sporiales) 

Sphffiriales and allies f'PyTCTiomyeetes) 

Perithecin 

tyr^ 

Conidia of various typ(w 

Oip fungi and allies (Discomycetcb) . . 

Apothecia 

Conidia of various types 

Smut fungi (Ustiluginales) 

Ch lamy dosporea 

Conidia rarely 

Rust fungi (Tlredinales) 

Telia 

Uretlinia and ajcia 

Palisade fungi and allies (Hymenomy- 
cetes) 

Basidiuni fruits 

Conidia of various tyiH's 


Perfect and Imperfect Stages. — The spores or spore fruits indicated in 
the first column make it possible to assign a ftjngus to a definite family or 
order in the great groups of fungi and to determine the genus and species, 
and are considered the perfect stages. The spore forms or spore fruits indi- 
cated in the second column represent the imperfect dages. These are s\iffi- 
ciently characteristic in some groups to show positively the perfect stage 
with which they are connected, but in many forms the imperfect stages 
alone offer no certain clue to the perfect stages to which they are related. 
In such cases the uncertain forms are kept together for convenience as the 
Fuftjgi Imperfectiy which represent a heterogeneous group of very diverse 
forms. The group may then be considered as a temporary resting place 
for forms the affinities of which are not known or cannot be safely pre- 
dicted. It is probable that certain fungi have lost their power to produce 
the perfect stage, while in a great number of cases the perfect form exists 
but the relationships have not been discovered. Many of our important 
plant pathogenes which were formerly known only from their imperfect 
stages have during the last 20 years been connected with their proper 
ascus or basidial ^tages. 

Classification. — Three large subdivisions of the imperfect fungi arc 
recogmsed as follows: 
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I. HjpliomyceUles or Moniliales. — The conidiA are produced upon an undifPer^- 
iiated mycelium or on specialized conidiophoreSf either singly, fascicled or groui>ed into 
extensive layers or united to form coremia or sporodochia. Four groups with the rank 
of families are recognized: 

1. MoniliacetB . — Conidia from an undifferentiated mycelium, or on specialized 
conidiophores, single^ fascicled or grouped into extensive layers. Mycelium and 
conidia generally clear or hyaline. 

2. Detnatiacea . — Same as Moniliacea^, except hyphfle and conidia typically dark. 

3. SiiUxicece , — Spore fruit typically a eoremium. 

4. TvberculariacecB— Spore fruit typically a sporodochium. In the Stilbacc^ 
and Tubcrculariaceffi some species may produce the fruits charactenstic of the Monilla* 
ce» or Dematiaces? when developed on certain substrata. 

n. Melanconiales. — Spore fruit typically an acervuliLS. On certain media the 
Hyphomycctous type may bo assumed. 

in. Sphaeropsidales. — Spore fruit a pycnidiuin. Four groups with the rank of 
families are recognized : 

1. SpherropsidarefT — Pycnidia of varying shapes, globose, conic or lenticular, and 
membranous, carbonous or conaceous, black, 

2. Nectrioidacece- P^^cnidia as in the Sphieroulaceie, but fleshy ci* waxy and light 
colored. 

2. LeptoatromatacecB.- - P\ cnidia irregular or shield-shaped, more or less dimidiate 
and black. 

4. Exdpidacece.’- -Pycnidia cup-shaped, patellate or hysleroid, more or less gloliose 
at first, but finally widely open and black 

The most important genera of the Moniliacesp, Dematiacea*, Melan- 
coniales and SphaeropflidacesB, together with the spore types, arc indicated 
in the accompanying tabulation. 

IJI addition to the genera listed in the accompanying tabulation, a few 
genera of other families contain important plant pathogenes. The 
following are of special interest: 

Stilbacece: 

Spores hyaline, single-cclled: Stilbclla, Coremium, Isaria. 

Spores dark, singlc-cclled: Stysanus. 

Spr>rcs dark, one- to sovoral-septate: Isanopsis. 

T uberculariacetr 

Spores hyaline, siiiglc-cclled; Sphacelia, Tuberculana, Tiil>erculina, VoIiit<?lla, 
Tllosponum. 

Spores dark, single-celled: Stnimella. 

Spores hyaline, niaeroeonidia one- to several-septal e and straight or eiirved; micro- 
conidia smaller and generally non-septate: Fnsannm. 

Spores dark, several septate, straight or curved* KxuspoiMim, Tninmatostronin. 
ljeptosiromatacc(E: 

Spores hyaline, single-celled: decodes, Leptostroma, l^eptothyxiuni, M<‘lasmm. 

Spores hyaline, four-celled in the form of a cross, each c^ell w ith n delicate appendage 
Entomosporiuni . 

Spores lineal or filiform, continuous or septate: Bniiiehorstin, Loptostroiiiella. 
Eoccipulacece: 

Spores hyaline, one-celled: Amerosporiuin, Dothiehiza, Spoitmema. 

Myceli a^Htcrilia : 

No spore stage known: Rhizoctonia, Scle*rotium, Ozonium. 
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Type of spore fruit Comdiophores single, Ascicled or grouped into 

I extensive layers 


Type of sporn . . , 

1 

Monihaoee, hyaline spores 

1 

1 

c 

Munform 

llyalodenia 

Macrobporium 

Altomana 

8porodesmium 

Myatroaponum 

Stem phy hum 
Coniothecium 

Elongafc-fusoid, clavatc or 
filifonn, continuoueorone* 
soveral-spptatc 

1 (JerooHpoiella 

Ci'rcoapora 

Ovoid to cylindru two to ; 
many spptato 

Se p t tK* vlm< Irium 

RaDiuUitjft 

PjiK ulana 

lieteiosponum 

Spond\ locUduim 
C’enitophorum 

Ih Imiiithosponum 
SttginiTia 

Clastc > osponum 

-rolled or one-e<*ptate 

cogone 

Didvmaiui 

iindioeladiuro 
i \ plmlothetjum 

j 

Seok(otii( hum 

PoU thniicuim 

1 O\clotoiiuiiii 

Cla(lo^pollum 

tusu lud’uiu 

I - . 

Single-eelled oreontinuous 

Asp< rgillus 

Peni( iJhuni 

liotrvoaponum 

Ophaloapofiiim 

I’l H hodemia 

Vei tjeilliuin 

Acrostalagnuis 

Pelbculana 

Botrytis 

Spoiotnchum 
‘ Aciemonium 

Ovulana 

Fusidium 

Moiiilm 

Ootipora 

Oidiuiu 

Coniosporniiu 

Moiuhoc ha tcb 

Peruoni ^ 

Hoi riiodf iitlruni 

TonJ.i 

1 Thielaviopsis 
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Acervuh 

Pycnidia 

Pycnidia 

Mftlanconiales 

Sphajropsidacofe, hyaline 

Sphseropsidacen^ dark 


sporoH 

spores 


Hyalothyns 

Camarosponum 

Cryptoeponuni 

1 

3 

Phiposeptoria 

Dark spores 

1 Phlrospora 




Tnohoseptona 


(Viindrospurium | 

rif'ptuna 


Ilyalixie spores | 



Monocha'tia i 



( ’oryneuin | 



Pcstalozzia i 

1 


Dark spores 

1 

1 


Postalozznia 

1 holh'int'xrit) 

CJr\ ptostu‘1 IS 

ScptoRl(viirn 

j Stupoij^Hp^'ra 

Tleu.ii rKoms 

Hyaline spores 



Didyin(>HpoHum 


ChietcMliplodia 

Dark spores 

1 

Boliyodiplodia 

~ 

, bailura ^ 

1 Mac lodiplodia 

Marsaonina 

Uipiotlinn 

Diplodia 

Hyaline spores 

\t&( fK*h\ la 

Miciodiplodm 

Melanronuiiii 

Dot hior 11a 


Dark spores 

C’ytoHporn 



Fusjoocfum 


1 

< S'tospoielln 


Njpjyioipora 

ViijpeloinycrB 


C'olletotru liuiii 

rnj( ulana 


( rld'ottponum 

Vl< nodomu'^ 

SpharrojK^ih 

M\xoHponuin 

Phomopsi'i 

Coinothvnum 

Hyaline spores 

Macpophoma 



Fhoma 


* * 

Phyllosticta 
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EARLY BLIGHT OF POTATO 

Alternaria solani (E. & M.) Jones & Grout 

This is a disease charac*teriz(;d by^ target-board spotting of the foliage 
with a resultant blight. While it has generally been designated as early 
blight to distinguish it from the late blight or Irish blight [Phytophihora 
infeiitarts), it has been suggested that leaf spot is a more expreagive name 
(McAlpine). It is also called leaf curl in Australia. In order to avoid 
confusion with other foliage troubles of the potato, the name Alternaria 
blight may be used to distinguish it from the Phytophthora blight. 

History and Geographic Distribution. AlUiongh the causul funmis had Iu^mi 
diiscribid home ycartj prevlou.s, the disease* w'at» n‘{x>rtc<l to be of cconoiiuc iinj^jor- 
tance by Galloway (1891), i)ut a f(*w \car.N later (lh93) eoinplaiMts of its senouh (‘liarae- 
ler eaiiic to the l\ S. Dep.irtnient of Agruultuie fruiii a paith of the eounti> 

The diseiiM* v\as stuilied by Jon(‘.s in Vermont (^hl•^t^‘r in Delaware (1893) and 

by SturgiK 111 ( 'onnertieut (1S91). LatiT stu^lie^ by .lonch (lS9r> ISOti) le<l him to the 
eonelusion that the trouble to which he had given the name of ‘ally blight. w;ih a mie 
jiarasitic disease. The disease W'as noted by Horauer in (leimany in 1890 and he 
referred the causal organism to Alternaria, to wliieh eoiielut*ion Jones had 
alx)Ut the same time. It was noted hy Me Alpine in Auhtralia in IS9(). Tlu'.seeaily 
reports of the diseiuse from w uhdy Hcpariiti*d parts of the w'orld eoiifirm the idea which 
has bwn expressed that the disease had long bet^n prevalent bnt had not been dis- 
tinguished from late blight and other foliage diaurderb. During following years the 
prevalence of the disiTise was recorded from various portions of the Unitwl States and 
ioreign countries. But little was added to our kiiDwledge of the etiology of the 
disease until the work of Rands (1917). 

Early blight has Wn n*conied from Mexico to Canada in North America, from 
all the other continents, and from Java, Beriiiuda, Australia and New Zealand. 

^‘Thus it probably occurs wherever the potato is an important crop. As to 
whether the parasite is native to the potato and has spread with it from its original 
home in South America to the various countries into which the potato has been 
introduced is largely a matter of speeulaiion” (Rands, 1917). 
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Symptoms and Effects. — The disease is characterized by the appear- 
ance of darkfbrown or almost black, more or lees circular dead areas 
upon the leaflets, which usually show a concentric series of rings or ridges 
giving the lesions a target-board'^ effect The young spots are small and 
pale in color, and become darker and more irregular in form with their 
increase in size. Under certain conditions the spots may remain small 
and more or less angular, being limited by some of the smaller veins, and 
in such cases the target-board effect is indistinct A spot may show a 
marginal faded zone as the trouble advances, but the affected area remains 



Fig 1118 1 potito hIioxmhk Ituf dut to {(Itmarui sulam li h af spol^ ilui* to 

( *rcit'»pvra concur'^ 

sharply dehned The spots may be few in number and small or they may 
hv nunuTous and involve a large part of the leaf lura Adjacent spots 
may coalesce to form more extended dead areas, and with progress of 
the disease the leav(‘s may s1m)W ragged margins or irregular breaks, 
.sometimes jierfoiations chie to the brittleness of the dead tissue In 
severe cases the final result may lx‘ a complete blighting of the affected 
leaves, frequently preceded by the yellowing of the tissue between lesions. 
Affected leaves may also show more or les.s curling or rolling The stalks 
of seriously affected plants may turn yellow and dry up, and brown lesions 
may also irpjieiM on these The various leaf troub^s of the ^xitato may 
be readily si'parated by the'following ciiaracters 
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« 1. Lesions margirml or terminal and spreading to involve extended 
areafa or 4;he entire leri. Whitish mold-like growth on the under surface 
during damp weather — Phytopkthora blight. 

2. Diffuse leaf spots, without sharply defined borders and lacking any 
concentric zonation — Cerooapora spot. 

3. Margins of leaflets blighted, curled up and more or less broken — 
tip burn and hopper burn. 

Arsenical poisoning, sun scald and necrosis of leaf tissue which results 
from degeneration diseases, may also cause leaf spotting or blighting. 

The lower leaves are generally first affected, followed by the upper 
and you’qiger leaves in severe attacks, but the disease does not reach its 
maximum until the plants have passed their period of greatest vegetative 
vigor. In the late stages of the trouble most of the lower leaves may be 
blighted, leaving only a few green spotted leaves at the top of the plant. 

Whetzel (1923) ha i recently reported an epiphytotic of early blight in 
^ Bermuda, in which the symptoms and effects were somewhat different 
from those commonly seen. The onset of the disease was sudden and its 
progress rapid, the devastation was extreme, the leaf lesions were large 
and quite similar to those of late blight and large water-soaked lesions 
appeared on the stems. 

The effect on the crop may he considerable, as the attack often coincides with 
the period when the developing tubers throw a strain on the nutrient resources 
of the plant. The tubers are not directly attacked and are never "rotted, but 
they remain small, immature, soft skinned, difficult to keep and deficient in 
starch (Butler, 1918). 

More recently Folsom and B<!>hde (1925) have described a rot of the 
tubers due to the early-blight organism and suggest that the infection may 
result from the contact of freshly dug tul>erB with diseased foliage. The 
importance of this phase of the disease has more recently been emphasized 
(Gratz and Bonde, 1927; Pittman, 1929). Tubers showing no evidence 
of the disease when harvested may develop severe^ storage rot when 
shipped to southern markets. It is difficult, however, to determine the 
actual loss from early blight, since insect injuries and other diseases are 
generally an accompaniment. The disease has been more severe in the 
eastern and southern United States than in other countries, with the 
possible exception of Australia, New Zealand and South Africa. McAl- 
pine considered early blight a minor trouble in Australia and Butler wrote 
that there was no indication that it would become a dangerous pest in 
India. While it is present in the United States west of the Rocky 
Mountains,' it is relatively rare and seldom is sufficiently prevalent to 
call for special control measures, 

Jones (1903) states that in certain seasons Alternaria solani causes more loss in 
many parte of New England than does the mildew (late blight). Several cases 
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are on record of unusual attacks, but more important, however, is the smjJlct 
but yearly toll of the disease. Coons (1914) averages the iftinual loss in Michigan 
as about 25 per cent In Wisconsin Jones (1912) states that it may reduce the 
yield 10 to 25 per cent (Rands, 1917). 

Etiology. - Early blight is caused by AUemana solani (E. & M.) 
Jones & Grout, one of the imperfect fungi belonging to the Demat iacem 



Tn, KW - — nin^rMinnititif roprowiitation of an early-bliKht spot showing effect on tls*?u<'s 
and the prodin tion ol s pores * ( l/h/ liaruh H is \a'i f*'rp Sia 41 .) 

of the Hyphomycetes Jones first proved lhal the fungus is a real para- 
site Hiul can al tack ,|H‘rfectiy healthy tissue. Ii was first described as a 
Maaosponum by Kills and Martin in 1882, but was assigned to Alteriiana 
because of the discovery by Jones (18^6) and Sorauer (189tt) that the 
spores were sometimes formed in chains* when the fungus was grown in 
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cultures. Catenulate spores have never been found on the leaf lesions, 
and for this reason 'l^ugffar (1909) and others have objected to calling 
the pathogene Alternaria. Lindau (1923) still retains the original name, 
and established usage seems to be the only reason for retaining the name 
Alternaria. 

Tlie fungus produces a light^brown or olivaceous, septate mycelium 
ramifying in the intercellular spaces and also penetrating cells within the 
diseased tissues. After the invaded tissue has been killed, brown, 
septate, erect or ascending con liophores, 50 to 90 by 8 to 9 m, emerge 
from the stomata or push out to the surface (either upper or lower) 
l)etween the dc^ad cells. Mach conidiojihore gives rise to a single spore, 
this arising as a bud or outgrowth from the 'erminal cell. This hud is 
at first a nunut(‘ hyaline projection which grows rajadly and enhirges to 

form the mature spore, and this 

15 easily separate^d from its point of 
attachment The spores or conidia 
are “obclavate, brown, terminating 
im a very long hyaline septate beak 
(frequently branched) eciualing fully 
one-half the length of the spore.’' 
The body of the spore shows 5 to 10 
cross-septa, but longitudinal septa 
are eith(‘r few or lacking ^Jlie spor(‘ 
size lias been given as 145 to 370 by 

16 to ISm, but more recent lueasure- 
iiHUits by Hands aie 120 to 296 by 
12 to 20 m. If the spores are washed 

off from a spot a new crop will be produced undiT fa\orable conditions, 
as many as three or four sueei‘.ssne en)ps being recorded, 'flu* conidia 
arc able to germinate at once under fa\orable conditions of moisture and 
temperature. Five to ten g(‘rm tubes may ari^e from the different cells 
of a spore, or the number may be reduced to two or tliree if tlie tempera- 
ture is rather low Infection may take place tiirougb slom.ata or directly 
through lhe <‘pidermal walls or insect injuries iua(l(‘ by flea beetle.^, or 
(V'l rado beetles may serve as a\enue.s of entiane(' 

No perfect or ascigerous stage Ims o\or lieon found, either on over- 
wintered leaves or in cultures 3'ho source of the inoculum for the first 
infections in an early crop is supposed to be cither the ovor-wintorod spores 
or new spores developed from mycelium tlial has persisted in the soil or 
in (ho plant* remains from a former crop. Ma.ssee, who reports that the 
(hsoas(* IS earned over fiom one .season to another b}*^ a dormant inycoliuin 
in (he tubers, must eiilier liave been considering anotluu* trouble or had a 
very iin|)erfeet knowledgt* of th'e life history of the pathogene. That 
conidia and mycelium suffice to carry over (he fungus is evidenced by (he 




t u. 200 (a^nnin itiuii of Hporcu ol 
[Utrnana ^oian ( \f(< i l{an<1< Ills 
J(/r ICx'fi. St a Hut 42.) 
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results cited by Rands that dried diseased leaves yielded the patho^ene 
in cultures after 12 and 18 months, and that conidial^howed a 10 per cent 
germination after 17 months at room temperature. Early infections may 
produce spores to be carried to later maturing plants, wind and insects 
being the principal agents of dissemination. Under favorable conditions 
the period of incubation is relatively short, incipient spots showing 48 to 
72 hours after inoculation while spore production occurs within three or 
four days. The fungus shows a marked tendency to saltate, and physi- 
ological strains are recognized (Bonde, 1929; Pittman, 1929) varying in 
cultural characters and in pathogenicity. 

Early blight ordinarily inakoH little development until the host has passed^ 
its period of greatest vigor and is being weakened by external conditions or by 
the drains of tuber formation. Optimum s]>orc production is dependent upon 
frequent rains aided by heavy dews, (dimate and soil exert a controlling influ- 
ence upon tlie development of the spores. In general, it becomes most serious 
when the season begins with abundant moisture, which is followed by high tern-* 
peratiires unfavorable to the host plant but w^ith sufficient moisture to insure 
inaxiiniim sporulation. Pericids of continued drought check its spread com- 
pletely The conclusion is, therefore, reached that the optimum conditions for 
an epidemic of early l)light reejuire relatively iiigh temperatures alternating with 
moist })eriods in combination with a more or less weakcMn^d condition of the plant 
(Hands, 1017). 

Host Relations. -The pnihogene of (*aily bliglii e.iri also infect 
toiiiaioys and eggplants, and the appearance of tlu^ sfiots on these hosts 
is similar to that on tlu* potato. It has also been found as the cause of 
severe rotting of toiimto fruits shippe I from tlu^ South to northern 
markets, and is reporh'd from Wiseonsin as causing a s(‘\ere blighting of 
eggplants in the seed bed. Early blight is (‘specially important as a 
tomato disease in Louisiana, wluoe, according to Edgerton and Mundand 
(1913), it IS nearly as serious as “wilt,’^ and may cause losses of oO per 
cent. In the North the disease is frequently found on tomatoes, but it 
is rarely serious. Ailernana .solarn will make incipient infections which 
never enlarge and become spore-pnjducing on a considerable number of 
species of Solanum and related genera, while on others typical sporulating 
lesions are formed. Rands (1917) records six speci(\s of Solanum besides 
potato, eggplant and tomato as hosts. These include the common black 
nightshade and the garden wonderberry {S, nigrum guinense 1^.). White 
henbane {JIyosryamuf< alhus L.), black henbane (//. uiger L.) arid apple of* * 
Peru {Nicandra physoloideil) are also susceptible. The leaf spot on 
Jimson weed (Datura), which has been attributed to the same fungus, 
has \>ceTi shown by Rands to be dim to a distinct species whicli he recog- 
nizes as A. rrastiG (Sacc.) Rand. It should also be mentioned that 
another species, A. fosciculata^ which pioduces an abundance of spores 
in chains on natural substrata, is common as a saprophyte on blight 
Jesions on the potato and various other ^jxscies of the night.shado family. 
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Variations in the susceptibility of varieties have been noted, but most 
of those showing resistance have been potatoes of poor commercial 
qualities. The McCormick variety reported as very resistant by Norton 
has been tested by Rands and proved the most resistant of 16 varieties 
with which it was compared. It also is of poor quality so it is of main 
value as a promising parent for the breeding of new resistant vaneties. 

Control.-- As the basis for a rational control it should be noted: 
(1) that the pathogene lives over winter in the debris from preceding 
crops; (2) that the disease is primarily a foliage trouble, resulting from 
purely localized infections which originate from wind- or insect-borne 
spores; (3) that tuber infections originate from spores produced on 
' diseased tops. Crop rotation will at once be p^^iggested as of importance, 
and in case of c(»ntinuous cropping all dead vines should be raked together 
and liurned immediately after harvest, but these practices must be 
regarded only as aids to the control by spraying. 

It has repeatedly been demonstrated that lx>th early and late blight 
can be controlled by spraying wdth Bordeaux (see Late Blight). In 
most localitieo both diseases are prestmt, but in Rhodesia, where early 
blight IS the important disease, increases in yield of 16 to 57 per cent have 
l>een reported from the use of Bordeaux (Jack, 1913, 1916), and in Georgia, 
where the late blight is also important, increased yields have resulted 
from the use of Bordeaux (Stuckey and Higgins) It should be recog- 
nised that there are many localitiCvS in which early blight is not iSifficiently 
frequent or smous to justify the expense of spraying, hence local experi- 
ence as to the prevalence of the disease must Ix' the guide in determining 
the number of applications of fqngicide or whether spraying may be 
omitted 
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BEAN ANTHRACNOSE 

Colletot) i( huffi h fnientnihiattjtm (^acc A, Mapn ) Rn & Cav 

This IS a disease of the ronimon bean {Pha\eolub> vvlgarib L ) which 
affects seed, seedlings, lea>c‘s iiid other \eg(datne parts, but makes its 
typical and characleiisl lo development upon the poels It has been 
called Ix'an “spot disease,^ “speck,” “pod canker, peal spot” and 
“rust,” hut the name* “anthr icnose^, which was hrsi used for the disease 
by Scribner (188&^, is now goner illy employeNl 1 his name is derived 
from a Greek word meaning ulcer, and is appropriate boetiuse of the ulcer- 
hke lesions on the pod^ M hile gardeners froqiientlv use the name “rust ” 
for the disease^, it should be understood tb«tt this is an ine'orrect use of the 
word, which should be roherve'd to apply only to the diseases caused by 
true rust fungi Bean blight is an entirely diffeient disease due to a 

bacterial pathogene {Fbeiulomonns phnseoh K F Smith) 

• 

History- Flu ilmuiM \a is hrst <hs(ovtriKl hv Lin(Uinuth at Bonn, Gennaiiv, in 
1875 and wah hrnl disc rilud a b >v ytars later hv Sjk i ardo (1S78), although it is kiiowm 
that it oec urred prev lous to tbnt tune in Vrame and otbe»r parts of Europe The first 
detailed work on the diseMse was e arrieel out h> I rank (18831, who studie»d it in Ger- 
iiianv and detenu iiied its infeetiouh rh.iraetir and il'^o eHstahliKhexl the iiiiportniit 
faet that it inav he seeMl-lKirne It w is re»cogiii/e*d in the Unite*d States pievioub to 
the report of 8crihne*r (1SS5) aivl attention w i*' soon giveui to the diw'ase* by Halstexl 
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in JVew Jt*rsi‘y (IS91-I901), Bench in New York (1892) and again in New Yorit by 
Whet«*l (1906 and 1908).^ The importance of tlie disease in Louisiana is emphasized 
by the appearance of several bulletins by Edgerton (1909-1916). The study of 
an^^hracnose in New York was continued by Barms (1911), and aftei 10 years of 
detailed and exhaustive studies he published his work and a r^um4 of that^done 
by previous investigators (192 1 ) . The disease was sufficiently serious to call forth- two 
bulletins by Muncie (1914 and 1917) from the Michigan Experiment Station. Men- 
tion should also be made of the recent work of Fischer in Germany (1919); of Dey in 
England, on the method of penetration of the infection hyph»; of McRostie (1919, 
1921), Ten Doomkaat-Koohnan (1927) and Reddick (1928) on the inheritance of 
unthracnosc resistance; of Leach in Minnesota (1923), Burkholder (1923), Muller 
(1926) and Budde ( 1928) on biologic forms. Many other shorter articles have appeared 
and the disease has been frequently reported in the agricultural literature of this and 
foreign countries. In 1921 Barms cited 170 publications dealing specifically or 
remotely with anthracnose. The monographic treatise of Schaffnit and Boning (1925) 
and the resistance tt^ts of Rands and Brotherton (1925) are the most recent 
important C(»ntribution8. 

Geographic Distribution.— Anthracnose is world wide in its distribution, having 
been reporte<l in cither moderate or st'vore form from the various countries of Ekirope, 
from Japan and the Asiatic continent, from South Africa, Australia and New Zealand 
and from North and South America. In North America the disease has betm reported 
from the extrt‘me south to as far north as Alaska, but it is not a factor of commercial 
consequence in all parts of the United States. It seems to reach its greatest severity 
in the states east of the Rocky Mountains, and is frequently the cause of heavy 
losses from the Dakotas and Nebraska eastward to the Atlantic Coast. The preva- 
lence in the South is evidenced by the statf^ment of Edgerton (1909) that it is the 
greatest drawl )aek to the growing of beans in Ijouisiana. The scarcity of the disease 
w(^t of the Ro<-ky Movintains is evidenc€‘d by the practice of eastern seeilsmen in 
obtaining western-grown seed because of its relative freedom from infection. The 
rarity of the disease is n'sponsible for the development of the bean setnl-growing 
industry in Colorado and Idaho in recent years. Home reports in 1921: “Very rare 
and uiiimporiant in California.” Although eastern-grown seed has repeatiHlly been 
planted in ^\'ashi^gton,. no field dev<*lopnu*nt of the disease has been brought to the 
attention of the writer in 10 years’ exp<*rienee. In visits to the large St^attle markets 
the writer has never l)€‘en able to locate even traces of anthracnose. From these 
stateirieiits it appears that the West, particularly the Pacific Northwest, enjoys an 
unusual freedom from this serious disease of the eastern and southern United States. 

Symptoms. -The anthracnose affects directly all ‘parts of the host 
except the roots (rarely) from the seedling stage to mature plants, but it is 
especittlly noticeable and characteristic on the pods. The first evidence 
on these is the appearance of minute brown or rust-colored spots in the 
(‘pidei Tills, generally obliquely oriented with reference to the axis of the 
IX >d. rhey rapidly enlarge, the center becomes sunken and darker in 
cdlor, almost black, while a rusty-brown, hazel-colored or even reddish 
Ixirder persists around the outside. 

Art the pod ^natures, the lesion is marked at tlie edge of a canker by a slightly 
raised, black ring with a cinnamon-rufous to chestnut-colored border. The 
renter of the spot is then somewhat light buff* in color. Hesh-colored sfxire 
masses on the surface of a young canker dry down to gray, brown or even black 
granulations or to small pimples (Barms, 1921). 
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The lesions are generally more or less circular in outline, and range in 
size from mere specks to spots 1 centimeter or more in diameter. *When 
cankers are close together or numerous there may be more or less fusion of 
spots and uregular or extended lesions may result. The spots are typi- 



Fig 201 — \iithraono8o on pods of beans Pod at the left completely covered with 

• anthracnoHC Icsiooh 

rally sunken due to the drying up and collapse of the colls m the center, 
and, with the presence of the pink, sticky spore masses* that develop 
(luniig moist weather, h.ave quite an ulcer-like appearance. Some lesions 
may he confined to the wall of the ppdj while othera penetrate the entire 
thickness of the endocarp iind then involve the underlying seed Eaily 
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infecticms are more liable to penetrate into the seed, while later infections 
may remain more superficial. 

A number of other troubles cause pod lesions, which should be dis- 
tinguished from those caused by anthracnose: (1) blight lesions {Pseudch 
rnonaty phcuseoh), irregular and more extended water-soaked spots, extend- 
ing along the dorsjil suture or on the sides, but lacking the dark color or 
the pinkish spore masses; (2) lesions due to Rhizoctonia, quite similar to 
anthracni^se, but generally larger, without spore masses, and only 
affecting pods lying in contact with the soil; (3) invasions by Sclerotima 
sclcrotiorumj which cause a soft, brown, moldy rot with internal or external 
black sclerotia; (4) true rust infections (Uromyces appendiculatus) j 
e’sadent as pustules containing dusty, dark-brown spore masses. In 
addition, there may be some non-parasitic spotting or blotching of pods if 
they have been exposed to intense sunlight. 

, On the stems the sf)ots sometimes develop profusely. On young seedlings 
the spots are generally below or at the point of attachment of the cotyledons, 
due to the spores being washed down from the diseased cotyledons. On older 
plants, the spots are more scattered over the different parts of the stems. The 
spots appear quite suddenly on the stems and differ but little from those on the 
jxids However, they are, as a rule, elongated in the direction of the main axis oi 
the stem Somctime.s, also, there are dark streaks extending up and down from 
the spots These streaks are quite distinct near the spots, but gradually fadt‘ 
out in the healthy tissue of the host The spots are black and slightly 5hin ken, 
and, as on the qiods, become covered with the pink, slimy exudate of spores 
liy coalescence, tlu sfiots may form large lesions or 4 inches in length 
these large lesions grow^ older, they dry out and the tissue cracks Often on 
voung plants the disease becomes so bad that the stem completely rots and w(‘ 
have a damping-off effect On older parts of the stem, When the tissue becomes 
hard, the spots rarely form, when they do they remain small (Edgerton, 1010) 

In leaf infections the lesions appear mostly on the veins and petioles. 
The latter may be so seriously affected that they are not able to support 
the leaf blade. Under normal field conditions the lesions on the leaf 
blades are confined to the veins of the lower surface, which become black 
in color and later show sunken areas, especially the larger veins. Leaf 
tissue adjacent to the infected veins may wither and turn brown, and 
later may become torn, giving a ragged appearance Early attacks on 
young leaves may cause them to become twisted or crinkled. 

The other parts of older plants may become dise;ased, and lesions similar to 
those already described may appear on the branches of the plant and on the 
pedicels, the sepals and the bracts of the inflorescence. These parts of plants 
grown out of doors, however, become affected only during protracted periods ot 
weather favorable to the organism (Harms, 1921). 

The disease appears in the seed as yellowish, brownish or blackish 
spots, frequently quite evident on the white-skinned varieties, but 
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generally very obscure on the dark-skinned varieties. The 8jy)t^ vary 
in size from mere specks to lesions involving haft of the bean, and may or 
may not be sunken. The lesions frequently extend through the sc(^d 
coat and involve the underlying cotyledons. In the young seedlings 
the black cotyledon lesions enlarge, become more depressed and develop 
sticky spore masses the same as the pod lesions. 

Effects and Economic Importance "■ Bean anthracnose causes losses 
due to (1) reduced viability of infected seed; (2j poor stands due to death 
of affected seedlings; (8) reduced yields due to direct pod infections or to 
retarded growth; and (4) }K)or quality of the harvested crop, either snap or 
string beans or the threshed product. Infected seed may fail to germi- 
nate or the young seedlings may be killed before they emerge from the’ soil 
or scK)n after, with the result that poor stands are obtained. The dis- 
figured pods are unsalable as string beans, and this effect on quality is 
emphasized by the fact that “southern-grown beans, apparently healthy 
when shipped, frequently reach northern markets in a badly spotted 
condition, and if the disease is common in tlie field, pods kept over night 
after picking are likely to be rusted the next morning’’ (Rarrus, 1921). 
Dry beans from severely affected fields will be of pK)or quality because of 
the shrunken and spotted se(‘d, and will sufTiT a certain percentage of 
dockage on the market to conqMmsate for the inferior quality. 

While bean anthracnose has taken a certain annual toll since its 
appearance, its prevalence in many sections has been marked by periods 
of epiphytotic intensity in which enormous losses luive been experienced. 
In the eastern United States there were epii)hyt(»tics during 1906 1908, 
from 1914-1915 and also in 1917. The loss in New York in 1915 was 
estimated as 1700,000, while for the same year in Michigan a loss of 
!^8, 000,000 has been reported (Muncie, 1917). In Michigan between 
1918 and 1916, the growers and b<*an jobbers reported an average pick per 
bushel of 6 pounds, about 50 per cent of which consisted of anthracnosi- 
sjx)tted seed. Cases of individual fields showing losses of 100 per cent 
have been reported. It is believed that the continued planting of affected 
seed was one of the important factors in the production of epiphytotics, 
and that with care in seed selection epiphytotics will be less frequent. 

Etiology. - This disease is caused by Collftofrjrhum h'ndcmiUhlanuvi 
(Sacc. Magn.) Bn. & Cav., one of the im}jerfect fungi, belonging to the 
Melanconiales. The pathogenc wvis first named (Uivoyporuim lindemii- 
ihidnmn by Saccardo p878), but setie were discovered in the acervuli 
by Scribner (1888) and the following year Briosi and Cavara proposed 
the present binomial. The earlier name is still used Ijy some German 
writers (Lindau, 1928), perhaps with some propriety, since it has been 
shown \hat 1 he presenc(‘ or the absence of seta* is not a constant character, 
and therefore not sufficient for the determination of generic positi(»n. 
In 1913 Shear and W(hkJ rep<*rted that they had produced perithecia 
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belonlLin| to Glomerella m cultures obtained from bean pods, but the con- 
nection of those with th^ anthracnose fungus was never proved and it is 
doubted if there is any ascus stage. At least none of the other numerous 
workers have ever obtained pentheeia either in nature or in cultures. 

The mycelium of the pathogene is localized in the tissue of a lesion 
and does not spread internally to other parts. After it makes a certain 
development it organizes the fruiting bodies, or nnrruhy below the epi- 
dermis, in the center of the lesions. Each fruit consists of a stromatic 
layer from the surface of which are formed simple erect, hyaline, con- 
tinuous conidiophores, 45 to 55ju in length, packed closely together 
Conidia are •produced at the tips of the conidiophores and with their 



Fiu 202 — SemidiaKruniniatio section of pod leoioit due to Culhtotuchum hndtmulhia- 
nitm, showinK relation of the iinthnicnow fungus to the twHiice ol the bean (Aftfi Mhdzd, 
ajrrtdl Bui 156 , 1908 ) 

accumulation the epidermis is ruptured, while thc^se conidia, held together 
by a mucilaginous secretion, form the pink, slimy masses which app)ear 
on lesions. In some cases stiff, pointed, unbranched, septate, brown 
hairs or set®, 30 to 90/i long, arise between the conidiophores or around 
the margin of the acervulus These set;e are more abundant in older 
fruits, .and Kruger (1913) has IxH^n able to develop setose and non-setose 
cultures by varying conditions The conidia have an average size of 
15 by 5/i but vary from 13 by 4 44 to 22 by 5.33m, are hyaline (pink en 
masse) j continuous, oval or oblong, straight or slightly curved and are 
produced in enormous numbers. A single lesion may bear a few to 50 
or more acervuli and these may continue to form conidia for a considerable 
period, producing new crops after the old spores Jhave been washed away 
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by rains. Edgerton estimaf/ed that as many as five hundred giilSon to 
one billion spores may be produced on a single^pod. 

Since the conidia are held together by a gelatinous coating, they are 
not wind-disseminated, but during rain periods they are separated from 
each other and washed away. Wind-blown rain or spattering rain drops 
or moisture uDP the surfjice of affected structures may become filled with 
a susp)ension of spores, which may thus reach new host parts. On germi- 
nation on a susceptible host a conidium produces a short germ tube, which 
on coining in contact with the epidermis enlarges at the end and forma 
a brown, thick-walled, more or less angular cell, the appressorium. This 
becomes closely attachc‘d to the surface by its rnucilaginfius envelope, 
and IS apparently a device to facilitate infection, since the appressofium 
which is cemented to the cutiele soon produces a ‘^peg-like infection 
hypha’^ which grows out from its under surface and “ruptures mechani- 
cally the cniicular layt*!*, and then brings about swelling of the subcutic- 
ular layers, no douiit by enzymic action “ (Dey, 1919) The infection 
iiypha after growing a short distance into thi' liost, either within the 
Mibeutitailar laycTs or witliin the cell invaded, produces a small enlarge- 
ment or vesicle, from which branches originate that spread through the 
tissu(‘ Once w'ithin the cells tlie hypine continue to advance (except in 
resistant vari(‘ti(‘s) and a typical lesion soon results Under favorable 
conditions the first evidence of infection can be diMected in 24 to 36 hours 
and typical siiorulating lesions may be harmed in 4)2 9 days, the 

variation being diK' largely to envinminental factors and the suscepti- 
bility of ili(* host 

One of the most imp(»rt;\nt features of the dis(‘aRe is the penetration of 
th(‘ pathogene into tlie seed, where it may pass the winter as a dormant 
mycelium, either witliin the cells of the seed coat or, in badly diseased 
seeds, wnlhiii th(' cells of t tie cotyledons or as spores between the cotyle- 
dons or bcMween tlu' seed coats and embryo. The mycelium may some- 
times l)e found as a cobweli-like growth between the seed coats and the 
cotyledons or bet ween tlie cotyledons, and spores may be formed either on 
acorvuli or without the organization of such fruiting bodies. Whatever 
the condition of the fungus in the seed, it resumes activity and soon 
becomes snore- producing when germination of the seed begins. The 
mf(‘sted seeds are thus the most important souitces of the first infections 
which app('ar in the fields, , ^ 

The first infection (^f young seedlings has lieen described as follows: 

Tlie plumule, consisting of the young leaves, is, during geri^iination, and for a 
short time thereafter, in intimate contact with the cotyledons, lly capillarity 
and in other w^aj^s the winter containing the susix^nded spores comes in contact 
with tlie now exixised under surface qf the leaves. Tlie stem may also lieeoine 
inoeiilated with s|>ores that have lieen w'aslKnl dow n from the cankers on the cot}^- 
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ledonR^eflpecially the base of the st.etn just below the surface soil, where moisture 
(jomlitiontf are favorable for^he germination of the spores (Barrus, 1921). 

Infections may also take place from spores washed down into the soil 
by rains, either before the emergence of the seedlings or while they are 
still very young. After the initial infections new sources of spores become 
available and the disease will spread from plant to plant through the field. 
Spores may be disseminated by splashing rain dwips, bv contaminated 
drops of water that may be carried by the wind to healthy plant parts, by 
wet leaves being blown against one another, by the dripping of water from 
diseased parts 1o healthy structures — in fact, by any process which 
transfers moiSture from one part of the plant to another. Even the agita- 
tion'of the vines by pickers soon after a rain or when wet with dew may 
serve to carry the spores to new locations and thus spread the disease. 

The question has been raised as to the longevity of the free conidia, 
and tests have shown that they are not viable to any extent after 7 weeks. 
Thi^ would mean that disseminated conidia cannot carry the fungus ov^^r 
the winter, when mingled with the soil or if lodged on the surface of 
healthy seed. The behavior of the fungus on the old vines and pods is of 
special concern, for it seems that the fungus might be carried over on 
these in inactive fruits or by a dormant mycelium. Trials made by 
Muncie (1917) and by Barrus (1921) and some earlier workers have led 
to the conclusion that ''the fungus is capable of living from one season to 
another, and even for two seasons, in old affected Vines and pods, which 
may serve as a source of Inoculation when carried to the field.'’ While 
observations have shown that beans planted in fields which had produced 
a previous diseased crop became more severely affected than the previous 
crop, and that fertilizing with bean-straw manure has increased the 
amount of the disease, the opinion prevails that infections from such 
sources are of minor consequence. 

Conditions Favoring Anthracnose. — The prevalence oi seventy of 
tjhis disease is influenced by the temperature, moisture in the soil and air, 
ram and dew. The optimum temperature for the growth of the fungus 
ranges from 71.6 to 73.4°F. and the maximum lias been given at 86 to 
93°F. The range of temperature at which infections will result has been 
given by Lauritzen (1920) as 57 to 80°F. In the South, according to 
Edgerton, the moisture and the temperature conditions which prevail in 
the early part of the growing season are favorable to infection and spread 
of the disease, but from June to August it is absent from the fields even 
with ample rainfall and when diseased seed is used, since the temperatures 
are close to or beyond the maximum endured by the pathogoiie. The 
temperature is undoubtedly the most important factor in excluding the 
diHC'ase from the Pacific Northwest, but here it is probably the low night 
lernperature which prevents infection. These low night temperatures, 
<*oupled with scanty rainfall, meager dews and an abundance of sunshine, 
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make it practically impossible for the anthracnose to develop even thcjpgh 
diseased seed is planted. In the eastern United.States the average cli- 
matic conditions are generally favorable for anthracnose, but the occur- 
rence of epiphytotics can be explained largely by the increased rainfall 
through a period of years. In New York the disease reached a maximum 
in 1906. The 3 or 4 years previous to this date had been increasingly 
rainy and there had been a gradual increase in the severity of the disease. 
The season of 1906 was a very rainy one, especially when the beans were 
young and when the pods were forming, and the gradual increase in the 
disease in previous years had produced seed heavily infected, so that the 
two factors favored the unusual severity of tiie epiphytotic. I^ate plant- 
ing to produce a fall crop in Louisiana has given practically a disease-frfe 
crop, while in New York it is claimed that later maturing beans arc the 
most liable to damage from anthracnose, as weather conditions favorable 
for infection commonly occur during September” (Barrus, 1921). 

It may be noted that conditions which permit the retention of mois- 
ture beneath the vines are particularly favorable for infection of the pods. 
I'or this reason a dense stand in moist soil promotes the disease, and drill 
planting is more favorable for it than check rows. 

Host Relations. — Anthracnose is primarily a disease of various varie- 
ties of common beans {Phaseolus vulgaris L.), but it has been reported 
as affecting a few other species of the ijenus. Scarlet Runner and White 
Dutch Runner (P. rnuUiflorus Willd.) are only slightly susceptible, and the 
same is true of Lima beans (P, lunatus L.), although both dwarf or bush 
and piole varieties have been successfully infected. The tepary bean (P. 
arutifolius latifolivs) has been severely infected when inoculated in the 
seedling stage, and slight infections have been obtained on P. aureus 
Roxb. At various times different workers have reported the occurrence 
of anthracnose on the cowp. .< {Vigna sinensis Endl.), common peas 
(Pisum sativum L.), horse bean {Vida faba L.) and jack beans {Dolichos 
spp.). In regard to these occurrences Barrus writes as follows: 

There are cvidtntly but few species outside the genus Phascolus which are 
susceptible in any degree to anthracnose, and no plants except varieties of 
Phaseolus vulgaris are susceptible to such an extent that the disease becomes 
epiphytotic in regions where such plants are extensi\ply grown. It is net unlikely 
that several strains of the pathogene exist, one capable of infecting P. viultiflarus 
or some of its varieties in a severe manner, another al)le to attack Vigna sinensis^ 
and others attacking plants related to the bean, each being confined rather cloJiely 
to the s}K'ci(*s, or even to cejitain varieties within the species, to which they have 
adapted themselves. 

At one time Colletotrichum lagenanurn of the cucurbit was supposed 
{(> be identical with Ixian anthracnose, but later studies have shown that 
the two are distinct specie.s. 

There are numerous reports indicating varying ck'grces of suscepti- 
bility of the common bean varieties to anthracnose. Some ha^'e been 
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refk>r^d as resistant, while others have been listed as susceptible. 
In the light of recent ihvestigations which have definitely established the 
occurrence of a number of physiological strains of the pathogene, many 
of these older reports are valueless. These physiological strains were 
recognized by Edgerton and Moreland (1916), and Barms (1918) 
describea two which he designated as alpha and beta. As a result of a 
comparative study of 300 varieties of bonn*: and related species he 
recognized the following groups: (1) susceptible to both strains; (2) 
resistant to alpha, susceptible 1o beta; (3) susceptible to alpha, resistant 
to beta; (4) resistant to bot strains. Group 1 included 80 per cent of 
the wa^t b\ish varieties, 50 per cent of the green-pod bush, 40 per cent 
of the wax pole and 30 per cent of the green-pod pK^le, which would show 
that, generally speaking, the wax bush beans are the most susceptible. 
Five varieties were placed in group 4, of which Wells’ Red Kidney and 
White Imperial were considered the most important. The former was 
immune to alpha and resistant to heta^ while the latter was resistant to 
alpha and practically immune to beta. Recently Burkholder (1923) has 
recognized a third biological strain originally isolated from the While 
Imperial, which he designates as gammOy and to which both Wells’ 
Jted Kidney and White Imperial are very susceptible. In a recent study 
l^ach (1923) has recognized eight biological forms as a result of com- 
parative inoculations with 15 cultures from different sources on 16 
differential hosts. He concludes that these forms are relatively stable, 
that the difference in spore sizes of the biologic forms is of no practical 
significance, and that host resistance is cemstant. Muller (1926) has 
reported four different biological strains from Holland distinct from the 
American strains, while Budde (1928) by a study of 46 isolations from 
Germany, 2 from Sweden and 1 from Holland has recognized 9 biological 
strains, only one of which was similar to any of the American strains. 
This existence of numerous biological strains very greatly complicates the 
breeding of new varieties for resistance. 

Some progress has been made in the productif)n of ani hracnose-resist- 
ant varieties by crossing and selection. Burkholder (1918) was able to 
produce an ant hracnose-resist ant Whiti' Marrow by crossing the common 
vsusceptible White Marrow with the resistant Wells’ lied Kidney, and 
McRostie (1919, 1921) has accomplished similar results with the white 
I>eH Ix'an, using Michigan Robust as the susceptible parent. They have 
shown that resistance to alpha, beta and gamma strains is dominant 
and governed by a single factor. Reddick (1928) has obtained some 
promising hybrids by crossing Whit« Imperial, r(‘sistan( to alpha and beta, 
and Robust, immune to mosaic, beta and gamma. To insure mofo 
defmite success in obtaining resistant or immune varietic^s Tcai Doornkaat- 
Koolman (1927) has inoculated .seedlings of the Fs generation with a 
mixture of all the biologic strains available. 
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Control. — A great many different control practices have been tVied 
and recommended at various times, but most of ifiem have proved either 
ineffective or only partially successful. The following may be mentionc^d: 
(1) seed disinfection; (2) sorting out the diseased seed by hand picking 
or by specific-gravity si^paration (flotation); (3) selecting seed from the 
field from anthracnose-free pods or maintaining a special seed plot for 
the production of the anthracnose-free seed; (4) regional selection or the 
procuring of seed from localities in which the anthracnose does not occur; 
(5) the avoidance of conditions favorable for infection or the dissemma- 
tion of the spores and growth of the pathogene, such as close planting, 
especially in drills, low, moist sites, picking or cultivating when the plants 
are wet with rams or dew, planting at the time of the year most faverable 
to the disease; (6) reducing or removing the sources of infection by the 
removal of affected seedlings from the growing crop or by removing and 
destroying the diseased vines in the fall; (7) spraying plants in the field 
or applying a fungicide to the picked pods before shipping to markeH : 
(8) rotation of crops to avevid residual contaminauons; and (9) the selec- 
tion and breeding of disease-resist aiit varieties. 

While nearly all of thest^ measures have given a certain amount of 
protection and may under certain conditions b(' used witt) profit, first 
emphasis is placed on the productum or use r)f jinthraenose-froe so<Hi 
Seed treatment with various disinfectants is ineffective and unpractiCHl 
l)ecaus(‘ of the internal mycelium, which cannot be killed without injuring 
the seed, because' soaking makes the seed unfit for machine planting unless 
dried, when many will slip their coats Muncie (1917) obtained best 
results with a 30-mmute immersion in n 35 per cent solution of bleaching 
l>ov\d(r, and by the formaldehyde sprinkle, but finally concluded that 
'^eed tribal inents with ehunical solutions or with wet or dry heat were 
unsatisfactory Spraying has yielded variable results in the hands of 
Ixith growers and the experimenters, and many different fungicides have 
i>ecn tried. Some tests have been failures, while others have given a 
fair protection. Barrus (1921) concludes that 

Anthracnose and jxissibly blight may l>e kept m check by thonaighly spraying 
the plants with liordeaux mixture, if the operation is begun soon after the plants 
have appeared al>ove ground and continued at inter\als of about 10 days until 
the jHids are reaching marketable size. 

With seed disinfection shown to be inefft^ctive, spraying of doubtful value 
from the standpoint of Expense and various other practices of minor 
importance, the production and use of disease-free seed and the use of 
resistant varieties must be the refuge of the bean grower. 
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DIPLODIA DISEASE OF CORN 

Diplodia zeat (Schw.) IjCV. 

This IS a disease which causes a seedling blight and a molding or 
rotting of the ears, but it also attacks the leaf sheaths and stalks of 
matunng plants It has been called ''mold/' "moldy corn/’ "mildew/’ 
"rot” and "ear rot" and "dry rot/’ because of prominence of the ear 
effects; but since it also affects set^dlings, the more general name of 
"Diplodia disease" is suggested. 

History and Geographic Distribuiion. Althungh the causal organism of dry rot 
was described by Schweiiutz m his synopsis of Cnrohiui fungi in 1834, it was not until 
3906 that dr)' rot whs reeognizeil as a di.^'ea.se of com (Heald). It first came to the 
attention of the writer during a trip to western Nebraska to investigate the death of 
horses that were beiiQ^ pastured in corn fields. It was found to be veiy^ coniinon in 
that section and suspicion was at once directed to il a.s the jk>ssiI>Ic cause of poisoning 
of the horses While a feeding test that was at oiu-c earned out showed no injuru)u> 
results after moldy com had been used os the exelusivr grain ration for 2 nioiiths, it 
was soon realizeil that this disease of coni was one of etmsiderablc iin)M>rtaiu‘e in the 
coni-grownig districts of the state. A study of the dry rot \vn.*< made during the next 
2 years and a preliminary report was published in IIMIS (lieaUl, \\ ilcov and IVkiI). 
The prevalence of the disease in Illinois about the same time led to a pUidy publLsbKr 
by Burrill and Barrett a yeaf later. The causal fungus was di.scu.s.M*tl by RimhI in 
1910 as a possible factor in the etiology of pellagni and thi.s was followinl by a study hy 
the same investigator (1913) of the effect of DijMia ztvt and some (4her fungi upon 
th^ phosphorus compounds of maize. In the earlier pupi^r ^ data were preaetiied 
showing that following the growth oCthe fungus a toxic substance was generat4Kl in 
the maize which was believed to l>e .'iinilar^to or identical w'ith the *|K‘llagruzein' of 
Lombmao/' but the main n'sult of the latter w'ork w'os the establishment of the fact 
tliai the dry rot caused a marked deteriuratibii in the fiNMl vakie of affect i*d iiiaiie 
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TV diweaso was studjed in South Africa in 1916 (V'an dvr Bjjl) and in 1919 Smith and 
Hedg^ presented c\'ideii^c in favor of the systemic character of infections, but this 
has not been substantiated by later investigations. The unusual prevalence of the 
disease in Iowa in 1921 and 1922 induced a detailed study of the du'^ease m that state 
(Durrell, 192(V 1921^*^ snd later in lliat and adjacent states by several other workers 
It had assumed imptirtance in Australia by 1920 (Tryon). The trouble is known as 
far Houth as Florida and Texas and has been observed rarely in the Pacific Northwest, 
f>ut seenib to make its inaxiinuni development in the corn belt from Nebraska east- 
ward It IK now recfi^riized as one of the important car rots of corn 

Symptoms and Effects.' -The Diplodin disease of corn exliibits two 
rather distinct phases: (1) seedling blight; and (2) the infections on 
nmluringtplants, the most important feature l>eing the dry rot of ears. 

, When corn from infected eurs is used for seed, the sland may U' 
materially reduced either by failure of grains to germinate or because the 
se<‘dlings succumb to the attacks of the fungus before they eiiH‘rge from 
the soil. In soim^ tests infected seed has given only 50 per cent of the 
sjand obtained with nearly disease-free seed (Raleigh, 1930). Evidence 
has also Ix'eir presented to shnv- that many seedlings from infected st'ed 
that do survive make weak plants that are low in their field performances 
with an increast' m nubbins and barren stalks over normal, healthy plants, 
(Raleigh, 1930), which is contrary to the conclusions of Clayton (1927) 
that dise.ased seed did not increase barren, broken or leaning stalks The 
comtxMition between weak and normal plants in the same lull results in 
poorer production by the weak plants than when standing alone. ^ Accord* 
mg to Kiessidbach and ('ullxTtson (1931), ‘‘tliere was no significant differ- 
ence between the acre yields from diseased and healthy seed when the 
stand from the latter was adjusted to corresporni with the former in 
number and distribution of plants ” The stand reduction and the 
resultant effect on yield ar<' the important consequences from the planting 
of infected ^e(*d 

In the early stages of dry rot (»f the ears or in case of light attacks, no 
external evidence of the presence of mold can he detected. 'Fhe kernels 
m smdi light attacks may have a healthy appearaiVct*, but if they an* 
remoxed or the oar is broken in two, a tliin, whitisli coating of mold may 
Ik‘ huind covering the lips of the kernels, or white flaky" masses maybe 
seen on lh(‘ ex|>osed surfaces at the end of the brokiui cob. In heavier 
infections or more advanced stages the fungus may completely cover the 
ears with a very evident mold, which may" not Ix' noticeable until the ear 
rs*huske<l, or in certain cases the mold may ptmetratc the husks, so as to be 
H'adily evident on the exterior, and the husks may^ be discolored and 
matted together by the infesting mold. Molded ears may be more or 
less discolored, l)eing grayish or dirty looking or even brow"n or almost 
bl.K'k In the more advanced stages of the rot the following characters 
are prominent : (1) The ear is very .fight in weight (over 50 per cent loss), 
shriveled and frecpienllv stands erect when healthy ears are pendent from 
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their weight; (2) the individual kernels are dull in^color or have alined 
brown appearance, are more bnttle than normal ones and are more loosely 
attached to the cob, (3) minute black fruiting bodies may be found 
embedded in the flaky masses of mold between the kernels, in the sulci and 
on the surface of the corneous mar|ins of the alveoli or on other parts of 
i he cob, or even upon the husks or shanks of badly diseased ears The 
presence of the black fruiting bodies is the most distinguishing mark of the 
disease, and should readily serve to separate the Diplodia or dry rot from 
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other eai rots of coin It should be eiupfuMzt'd that ears may very 
lightly infected and even show no evidt nc( ot the pjrisite until seed is* 
tested on the germmator • 

Karly infections may cause small, shrunken ears of no value while less 
severe attacks pioduce ears of poor feeding quality In sefere attacks 
the* embryos are destroyed and kernels have lost then viability, while in 
moie moderate attacks the vnhilily is loweied oi impiired, so that the 
corn of no value foi seed purposes * The ear rot <loes not necessarily 
stop with the maturing of the com, but may continue to advance even 
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after the corn is picked, especially if the ears are slightly soft or if they are 
subjected to moist conclitions. 

On the leaf sheaths the fungus produces reddish or purplish spots of varying 
size and shape, appearing after flowering the corn plant. These lesions may 
extend down into the node of the stalk or up the leaf, killing and discoloring the 
nndrib (Durrell, 1923). 

This condition was first described by Bumll in 1889, under the name 
of the purple sheath spot of com and was attributed to a bacterial patho- 
gene, but Durrell has shown that the dry-rot organism is at least one of the 
causes of these disooDrations. 

This disease affects 

. . other parts of the corn plant besides the ear and sheaths. The shank of the 
ear is frequently aifeoted and whit^ wefts of mycelium may )>e seen on it. More 
common, however, is the appearance of large numbers of fruiting bodies at the 
shank and nodes In some cases the breaking of the shank is due to the presence 
of Diplodia, though not always. Un the stalk the symptoms are much like 
those on the shank Within the sheath, or its base, and around the node may 
often be found a white growth of the mycelium This may extend over the 
internode as well Infection at the nodes, particularly the lower ones, is often 
manifested as a water-soaked discoloration (Durrell, 1923). 

The effect of dry rol may summarized as follows: (1) the ^r^ductiori 
m yield, due to severely infected ears which are iliscarded at picking time, 
to weakened plants as a result of nodal infections and to poor stands 
which result from the use of Diplodia-infected seed: (2) the lowering in 
market quality due to the inclusion in the hai vested crop (»f partly molded 
or slightly infected ears, which may suffer still further detenonuion in 
storage; and (3) the lowering of quality for seed purpxises becuusc of the 
effect of the dry rot in reducing germination or causing scM^dling blight, 
thus causing thin stands (as much as 25 to 30 per cent reduction). 

The imporlance of the disease in corn producliim, may be realized 
from the stu<ly of Durrell, who reported that the losses in Iowa in 1921 
and 1922 ranged from 3 to 15 jier cent (d the ears at hnrvest and caused an 
average damage 1o seed corn of 1 1 jx^r cent ‘'A still further loss results 
from the nodal infection and weak plant.'- growm from slightly infected 
seed.’ 

' ' Etiology. - Dry rot has l)een sliown by pure culture inoculations to 
be due to DiphKita zetr (Schw ) Lev , an inii: erfect fungus, which was 
formerly known only as a saprophyte on the old, dead stalks. Stevens 
records another species, D marrofipora Earle, from North C'arolina, 
and this has reecdtly been reported from Florida (Eddins, 1930) as causing 
a disease similar to Diplodia zecr. In addition, ear rots may be caused by 
bacteria and several other species of fungi. It is not a systemic dis<‘a8e, 
but infection is local, the principal points of infection being the silks, 
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I'lG. 204 — Pyciiid of IHplodia zccr, showing copious production of brown, one- septate 
spores. {From 22nd Ann. Kept. Neb. Agr. Exp. Sta.) 



205. — Pyorkid of Diplodia zect, showing lobulated cavity. {Frortf 22nd Ann. Hrpt. 

Nidi. Agr, Exp. Sta.) 
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tip^of ears, ear shanks and nodes, the two latter being considered the chief 
Ix>ints‘of attack. The fungus may spread through the tissues from ns 
point of entrance, and thus ears may be pervaded by mycelium that has 
grown upward from the node or from the shank or downward from the 
silks or ear tip. Infections take place after flowering and the fungus 
continues to grow more rapidly in the languid tissues of the maturing 
plant parts, and later continues its saprophytic liie on the old stalks 
during the late fall or during the next season. 

The pathogene produces a single kind of fruiting body, pycmdia, 
which are the black bodies referred to in the descriptions of symptoms 
and effects. They are flattened spherical or pynform, ostiolate, and 
produce large numbers of dark-brown, cylindr^al to elliptical, obtuse, 
straight or usually curved, one- (rarely two-) septate pycnospores, 24 to 
Pi.’t by 5 to 5.2;i. Tht pycnospores are extruded in amorphous masses 
or in tendrils which are apparently held together by a mucilaginous 
coating which readily dissolves m water causing their ready separation 

The pycnidia on the ears are most frequently seated in the dense 
masses of white mycelium from which they originate and are formed by 
the interwoven and fased masses of hyph® which constitute (he wall, 
from the inner surface of which numerous, simple, hyaline conidiophores 
are produced. '^These free pycnidia are generally larger and more 
irregular than those which are immersed in the tissues of stalks or other 
parts. They normally contain only a single locule, but in some eftses this 
may be more or less lobulated with a common ostiole. The immersed 
pycnidia are vertically compressed or flattened in many cases, and may 
have thicker walls than those* pr<)ducx*d in the mycelial felt on the ears or 
in cultures. 

The principal method of infection has been described as follow's. 

Prior to the prodiu'tion of flowers by tlu* corn plant the ligules of the lph> 
sheath clasp the stalk very tightly, preventing anything from slipping down 
inside the sheath. After flowering, however, the stalk lias ceased ehmgatiiig and 
rfie action of the wind on the leaves has by this time loospiied the ligule and 
exfHised the cavity ol the sheath. '‘Vt the same time ma^^ses of pollen fall and roll 
down the leaf into the sheath^ together with such spores as they may earr\'^ along 
or which are blown in. hi addition to the combination of the s]mres, and the 
stored food present in the pollen, a tliird factor ot moisture enters. The sheatlis 
of corn are freijuently moist inside, even in dry weather holding condensed 
iiunsture^ in droplets, wliile in wet weathi>r they stand full of water, and often 
remain that way days after a rain (Diirrell, 1923) • 

The pycnospores gernuiiate and at first feed on the food furnished by 
the moisture, pollen and exosmosed sugar, and when this is gone the 
hyph® invade the tissues of the corn plant and cause the spots and 
blotches on the sheath which have previously been noted. These leaf- 
aheath in'wwns appear to be more frequent on the lower part of the 
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pljints, due probably to earlier opening of the lower leaf sheaths an<* to 
more favorable moisture conditions. That infections can take place 
through the silks has been proved by artificial inoculations, and this is 
undoubtedly one of the ways by which infection occurs under natural 
<‘onditions. Systemic infection from infecre<l seed or systemic invasion 
ihrough the roots has Ix^en suggested, hut Durrell and others obtained no 
evidence of such l>ehavior. 

The principal method by which the pathogene is carrii'd over the 
winter is undoubtedly in either the vegetative or fnnling tamdiiion on ihe 
old stalks or discarded ears In the spring and '.iimmer old s^dks bearing 
pycnids will show tendrils of spores following ram periods, T^i lllimiis, 
“pieces of diseased stalks 1 and 2 years ol<l lia ee been found in .lulv, 
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August and September almost covered with black tendrils of Diplodia 
spores capable of quick germination (Hurnll and Ikarrett, 1909), anti 
stalks almost 3 years old wTre ftmiid to product some few pycnosporcs 
capable of germinating. Mature spores ^ ,miniit(‘ m frtun d to 8 horn's^ 
or longei^ in culture media, by sending out a germ tula^ from or near the 
distal end of each cell of the spore. 'Fhe minimum temperature for 
growth IS between 10 to 15°C., and the optimum between 28 and 30'^(\ 
It, may be noted that favorable temperatures generally prevail in the 
corn belt at the season of the year when infections are probable. 

Wind is believed to be the principul agent in the dissemination of th<' 
spores. By mt*aTi8 of slide spore traps Burrill and Barrett demonstrated 
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tha^ wmd-borne pycnoaporet^ could be collected in considerable numbers 
at least 350 yards from an old field that had produced a diseased crop. 
While the spores may be carried to adjacent fields, a crop on contaminated 
ground will stand much better chances of infection. It has been shown 
that the fungus can grow in ordinary field soil containing organic matter, 
so it is possible tlial it can live in soil in a purely saprophytic manner, 
independent of old host remains. 

The dry-r(»t fungius is an active feeder, and is reported to produce 
numerous enzymes by which it digests the constituents of the host tissue 
which it p<Tmeates It may be noted that it has the power to corrode 
and digest starch grains, and the 

. . . utilization of cellulose l>y the fungus is of particular interest, as the pene- 
tration and grriwth in the stalk and weakening of the nodes are thus more readily 
understood The survival of the organism in old stubble and trash, even though 
plowed under for several seasons, appears probable (])iir»*(‘ll, 19‘23j. 

The pathogene can fX'netrate the cioih of rag-doll germinators and 
infect kernels of adjacent ears. It requires air for its growth, hence can- 
not bi* a factor in the spoiling or deterioration of ensilage which is cured 
under anaerobic conditions 

Conditions Favoring Dry Rot. Since dry rot appears in unusual 
amount in certain seasons only, it>s development must bear some relation 
to certain environmental factors. The studies cd Duirell haw wsht'wn 
that the moisture relation is the most important factor The develop- 
ment of tlu* disease in the field appears to Ik' greatly favored by h(*avy 
rams in August und September, or during the j)eriod when (be corn is 
approaching maturity While abundant moisture earlier in tiie season 
may cause a few infections, later rams have the greatest effect. 

Certain other conditions must also lo company higli pn*cij)itatiorj m order to 
produce an epirlcmic of dr}* rot These other conditions exist annually toward 
the end of the growing season and are as follows i'lrst. there is a inaxiinuni of 
stored food in the corn plant, second, the rapul growth of tis'^nes has ceased and 
the leaf sheaths liave become loosened; third, the loose leaf sheaths afford lodg- 
ment for .qiores of Diplofha z((t The presence of water between the leaf sheaths 
and the st-dk at this time initiates inlecthjn In seasons wdien a plentiful water 
supply is availal>le during this period (August) dry rot is prevalent (Durrell, 
1023). 

The later moistuie relations are also of importance. In regions in 
which Diplodia is prevalent, it has repeatedly Ix^en observed that many 
ears may bo infected without showing any external evidence of the disease. 
Such infected ears are, of course, harvested along with the dist'ase-frec* 
ears. If infected corn that is still high in moisture content is stored sri 
that it cannot dry out, or in open efribs exposed to rain, the dry rot will 
advance rapidly, especially if warm weather prevails. If the corn con- 



DISBASjSiS due to imperfect fungi 


699 


tains sufficient moisture tnere will be a slow advance of the dry rot ^uting 
the cooler periods, since growth will not be prevented until temperatures 
of 10 to 15°C. have been reached 

It has recently tx^n emphasized that “ Diplodia-infected Si'ed may 
result in a poor stand, especially when the soil is cool and moderately 
wet In a comparison of tests at two temperatures, 20 to 24°C. and 
15 to 19°C , an important effect of temperatures has l)een noted (Raleigh, 
1930) 

^.Ithough just as many kernels genuinated at the iovv temperature, the stand 
or number of plants emerged wa-> greater at the higher temperature , i )n exami- 
nation, it was found that many ot the inlected jilants were kilWI Ixdore they 
readied the surface More jdants sliowed lesioub, and the lesions were more 
pxtensue at the higher fhaii at tlie lower fenipcratnre 

T‘ t'se results aie m accord with held experiment' at Ames and with thoae of 
Holbert, Hurl ISO ri fful (1924‘ in that better stands were ol 'tamed from Diplodia- 
infecteil st^ed in warm than in cold soils They are not in iO(ordance with dhe 
conclusions of Diirrell (192''0 and ClaylfHi (1927) in their datements that seedling 
blight from seed infected with Diphaha zea is nx)t iniportarit it the relatively cool 
t*Mnj>e rat! ires pic valent m the spring 

Contiol. In considering the prevention of this disease or reducing 
Its damage to the least pc ssible amount, the lollowmg features should be 
kept in mind (1) The fungus on the old stalks the piincipai sciurce of 
the new infccnions, (2) the spores can be earned oy the wind from a 
contHminatecl field to healthy plants in in adjaceid h( Id, (3) stalks 2 or 3 
years old which harbor the pathogene are still capable of producing viable 
spores, (t) seed corn may be infected with dry rot without external evi- 
dences of lh(‘ disease, (5) such infecied seed may gne poor stands owing 
to failure tri gc'rminate or tl ' plants which do de\elop may show a 
decreased height, slenderer stalks and a poorly colored foliage 

In ihe light of the aboce, the conf»*ol inoa‘-ures v\hich are suggested 
ire sanitation, cr 4 »p rotation, care in cuimg and storing the harvested crop 
cind e'itra caie in the selection, storing and testing of sc'ed corn and seed 
disinfection 

The saint aiy practices which might he adopted consist of the collec- 
tion and destruction of the rot -infected ears ai 4me of husking, the low 
cutting and hauling away from the field of the stalks or their destruction 
by burning or the avoidance of immediate return >f manure that may 
iontain infected stalks H) ground that is to tK‘ pUnVd to coin ('"on- 
sidonng the pi'rsistence of Ihe pathogene on the old stalks, a I- or 5-year 
rotation is more desirable than a short (Uie It is jKissible^hat, with such 
a long rotation and cultural practices designed to hastiii the decay of the 
stalks the sanitary practices might be ignored, but in case of a short 
rotation the amount of inoculum should be reduced as much as possible 
('are should also be taken not to plaht com by the side of an old infected 
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field, eapecially if the latter is upon the side from which come the prcvail- 
ine; summer winds'’ (Burrill and Barrett, 1909) 

'I he s('ed corn should be selected as soon as the ears are well hlled and dented 
without regard U) the time of frost Seed ears should only be selected from green 
standing stalks with sound shanks After the seed has been gathered it should 
be cured ui a dry w^^ll-vent dated place, not e'; ised to the weather (Durrell, 

Seed di8infection will not the amount of eai rot appearing in a 

field, hinee it h is been shown that the use of infected set'd does not increase 
the amount of cu rot Seed disinfection of infected seed has lieen shown 
to increase the ind and lessen the amount of seedling idight (Reddy, 
Holbert and Jiwin, 192t) Heddy and Holbirf, 1928, Melhiis al , 1928 
Kiesselbaeh, 1931; Thorough dusting of Diplodia-infeeted seed with 
Merko, Bayei dust or Seniesan Jr has given uicnases in yield fnun 22 
to 30 pel cent (Rileigh, 1930) 


Aeferenres 

HiALU, 1 D ss jiiin liltU kiujwn plint disc h in Stufut n s 27 

h2t vm 

lUuivFTT, J r Din lot of ( oin irul it^ austs n s 17 2\2 J1 ^ 19()S 

Hi AID, 1 1), yViKOX, t \l eM) Pool ^ \\ 1 h( hit histoi\ tn(^ pni i itisn ol 

Diplodm z((F iStliw ) L< \ \eh \(fj h xp \nn Kept 22 ( lOOS 1 7 

19(K) 

Burkitl, T J andHakkiii, ) 1 ou lotsotcorn Ht lip i'lp S/n Hui 133 
(A 109 1909 

Kifd, H S I hf fungus, Diplodia as i j»osnhl< li(to»-in tht etiology ot p< Ihgra 
^ 1 M(d Joui 91 i()4 1910 / 

rh( <fTf(t of Diplodia ind somt* othci fungi upon sonn phosphorus ( orn 

pf)unds oi nni-it \ > M d Jour 94 1 S (stpirift) 1911 

Vav Di'R HiJi P \ \ stinh of tht drv-Tot dmasc of in ti/t f \ mtd I \ Dipltnho (a 

[inwu S X/rudy Dt 1 1 \g St/ Bui 1 hO 19H» 

Smiih, E I AND lli'ixi''' t Diplodia di^faso of in u/f Srnt//r n s , 30 hO 

1919 

Dt RRl< LC, L M y ])Klinnn in s<nd\ of th< pniplt I nf Tihi i(h ( f nun J^tiyln 

path 10 487 49 "i 1920 

VIblhos, T E AND Durkbii, f l)r\ lot of torn Ion i Xq? Kxp S/a Cik 

78 1 8 1922 

Dt URU I b W Dn lotoftom Joua \qr Exp Eta Rts Bui 77 140 ^7h 192* 

IlorHFR'i, J R, Hiuiis(»\, W L, Kobhibr, B, Woodworth, ( M and Di n< an, 
( H ( oin-root, stalk and oar rot disc ihob, their i ontrol through sitd solcction 
tndbrotthng III Ayr Erp Sto Bill 266 217 478 1924 

Reddy, C S, HocBERr, J R and Erwin, A f '^ood troatnn nts for swt'et-torn 
disc ^ St H Tout 4.gr Res 33 769-799 1926 

Tryon, li Lar lot of mai/o yDxplothn zta iSchwtin ; L(\ ) Queeualand Ayr Jour 26 
237 268 1926 

(^lAYTON, K FI Dipkidii < ir rrd disoist ot torn Jot? Aqi Re^ 34 157 171 

1927 

I\iB ssELBAc H, T V Fit Id ixpcriinoiits with st*ed-t*orn treatments and crop stimu- 
lants Neb Ayr Exp Sta Bui 218: 1-15 1927 
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Melhtts, I E , Reddv, C. S., Ralbioh, W. P. and Bdrnett, L C Seed treiitjDent 
for corn diseases Imim Agr Exp Rla Cvrc 108: l-jJ6 1928 
Redd^ , C S ^ND Holbi* bt, J R : tXirtber experiments with seed treatment for sweet- 
corn diseases Jour Agr Res 86: 237-247 1928 

Eddins, a H Dry *-01 of com cause^l by Diplodia macrospora Earle Phyiopath 
20:439-448 1930 

R^lbk.h, W P Infet lion studies ot Ihpladia zeir (Schw ) Ia-v and control of seedliiiR 
blight H ot corn loim Agr Exp Sta Bui 124'9<>-12l 1930 

IviEssbnBAj H, T \ AM> C'uLSEKT^ON, J O All anuK SIS ot the etfetts ot Diplodia 
mfectioM ind treatment of sckI corn Jour \gr Jie<s 42 721 749 1931 

OTHER IMPORTANT DISEASES DUE TO IMPERFECT FUNGI 
DuL to ScEriKN OF Moniliali> , 

Blackheart or rot of pineapple (ThielatyiopstH parnutom id S<*\n ) \ Tloltn </ain»es 
a distiiKtiM rot beginning at tin stimiiid Pa riEKso\, 1 ia)Ky» V\ (’haklfs, 
V pii < K AND \ eiumi^ylu, f 1 II PintappU rotiansuiiY Thuhmupsis paraiioxa 
l)ppi Hut }*l frul Bui 171* ir>-t5 lUK) llowAUD, A. On Soini 

oixasth of sngai cane m the Indies \un Bm 17. 3< 1 401 1903 

Roidai }j ] Tlic soft lot of uineappli in tin Plnlippint's and olhei tuuntries 
pfuni \qr 13 197-40.*) 102 > DAUt II A fV) Uo'^tovuliu pnrudoja, 

tin piiftit stage of 1 ^ulm^fopsis p^inuiojui (IVSinne-jl Von llohnd 1 runs 
Hnf Mui i> 0 i 13: 1H4 194 1028 See also Pnnappli diseasi of sug.ir i am , 

j> () »8 

Skip, spot of the potato \Oo pmu pustuhn O A W 1 Causis ^hghtU raisid (u 
snnkt n br(,\\i> speds on tl < sin ol tin tmM» Ow ^ n M N Tin skin-spot 

disc ISC (1 ).>oMtv tulars A.c»/ hul M/ < 1 tth* fnehnu 8 (21) 2s0 U)1 1010 

Mill AKD W A AND B' uu 's lilt < iiisativc orgiih in )* skin sjxd ot [•otMloes 
Km Bhl Misc InftntnaU)}! 8 27 » 2s7 Pd' 

Black root and leaf blight of lettuce {Bohytis •“tiumi lA is ) i use s ciark stc m htiions 
it or mar tin gionml li\(l hi 3 a bh^htnig ot tin Ic *j\ cv^ l>c‘gmniiig at tin. tips or 
nxigins JsioM Cj E 1 Ik lolling ot mtt I hous ktuu' Was Agi Fz)) Sin. 
But 69 0 12 1<MK) \lso ini]M)it nit asthc « aus, ol disease i* m on ot he r plants 

Ili-\ID, } 1) Da^\ B I \otcs on pi int disc s m Washington i 

lk>tr\ tis disc 1 -c '• 'I Kin> \ ff Ur Noe ^3 I I H 1921 Pfi i W H 
(' \ coin)) 11 itivc inoi phologu ’d i id pi ' siologn il stml of a nutnbei of strain.s 

oj Boliyhs nmnto jV*is witli spe* i ii lefcrencc to (Inn wnilcnne Tum Bnt 
U//( S(ic 14 IbS-lU) 10*29 Rlkbai n, 11 ii Kc nntms einigei Hotrvtia- 
foTiufn^om Plains der /kiZ-id's Zittscin Bo‘ 23 i.Al '72 10 0 

Texas root rot of cotton {rhi/nunofn< hum omutnu um (Shcaii Dnggii) 'Ph'^ 

IS chaiaeteiized b^ a sudden wilting of jifieeted jilants. Mn commonh without 
previous dwaihng or without am warning sMiiptorns of chlorosis The foliage 
drcKips tiiins lirown and max leinain h.inging for •-^nm daxs ami Inter chop off, 
leaving the bau, dead stalk Jf tin root of sin li ..n il cm ted pl.ant is carefullj- 
reinoved fioiii the soil tlie eausal fungus w I 'm* exident on its surf n e as numerous 
Yellowish or tawnx strands oi threads Tin* eortex of the killcMi root is soft anti 
readih pcM'Is off from the eentnd wrK>d> c’\ linden Und\r certain conditions, 
espc^cially of abundant moistun, wart-like bodies or pscaidosclerotia, may be 
present on the surface of affeet^nl roots The dis(*asc» generally^apiw*iirs in spots 
• 111 the field and these inav be circular or of varying foim Sjxits affcn’ttMi one vear 

innv not nec<*ssanh produce a diseased crop the next season The root-rot 
fungus was eoiisidereci as a sterile form until the eonidial stage was described 
bv Duggar (1916) This conidial stage was collected by the wider at Palfur- 
nas, Tex . *11 1910, but was not at that* time connected with the typical Texas 
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root rot The comcUal stage develops on the ground near the margin of a aone 
of* dying plants in thp form of cushion-like, creamy or yellowish masses This 
trouble on its various hosts is serious m Texas and occurs to a lesser extent m 
Oklahoma, New Mexico, Arixona, Mexico and Southern California but is absent 
from the regions east of the Mississippi According to Taubenhaus (1923), it is 
' capable of attacking 31 different economic held crops, 58 different truck cropt, 
IS difierent kinds of fruits and bemes, 35 different kinds of forest trees and 
shrubberj' 7 different kmds of outdtx>r lurbaccxius ornamentals and 20 different 
kinds of wetdb The loss from root rot in Texas was estimated in 1920 at 
030 000 bales or 1*5 per ffnt of the entire crop The sources of losi' an (a) 
plants killed without reaching matunt> , (6^ reduced yield and infeiior quaht\ 
from plant‘d whu 1 an killed when the bolls are partl> developed, and (c) infenoi 
(pialits of tht lint fiom aftected plaiitb which reinam ali\e during thi entire 
glowing sevison The fungus is beinved to winter over onl\ on the roots of a 
liv^ing Inst Di ooAK B M i h( Texas root-rot lungufe and its (oiudial stage 
{jin Mo Hot iiiir i 3 1 1 24 1910 Taubpnhaiis T J and Kii tough D 

1 Itxas loot ro of cotton and methods of its control lex Agr Exp Sla 
but 307 I 9h 1^2^ King C I Habits of the cotton rcKit-rot fungub 
J mr \gr H* 26 40'> tlS 1921 F^ltiilr Ci L King, ( J ^nd ir^AMsoN 
R Ozoniuin rcK* rot U s Depl igt But 1417 1 27 192t) Tairgn 

HAi '> I I 1)\N\ H I AND b F Flint'* sustcptiblt or resistant Ic 

t otton root rot h id the ir n htiori to < ontrol lev \gi Exn Sta Bui 393 1 50 

(929 M< A\ \UA H II nil N 1) li and Poriek D O 04 c U s o1 giowtl 

in coUoi not rot at tin cn vide lex L S I >f it A p ( irr 173 1 t7 19 1 

f A Insidial stage ed tiie ic'i lo \ ie)1 lungii lias bcfj dcscnbid i iiuttyutn 

0 tuiK ( utn N c p SOI 

JBud rot of carnations (S/ i t( nf in anti > i ilun leik llu discive^ < luiiac 
tcii/cdls inJti g (>i c p* I O'* ind othc r orgji 1 (mlo‘^e(M)\ tnciaKx Mite 
( t as ( irric is < f the liniL.i ^ Hi alc 1 L) j I < bu 1 rot o( c irnatums Acf* 
I ri i i Bui 103 I ic STt w V r I C ind Hodc^kins II E 

Ihc Spoiotiuhini t ud lol oi < iruity»n-% in I tl t sii\ei top June gras,'- A 1 

((lemia) igr Iti Stn But 7 S> 111 1<H)S 

Potato Wilt t \ aluLlliuui dhooiritn R A Her ) Ihe cause ot i wilt of tops and a 

bundle browning ol the '^tc iii id cd the fillers Snmlai to >usanum wilts 
Me Ka\ M li 1 ransi ismoi of sunn w ilt disc isi s in sc c l|)otitoes Jour Agt 
Res 21 S21-N4S 192^ Chanuhiki li \ stud\ of the growtli in (ultur^ o*^ 

] irtidUium (dbontrurn H A Her Ann Hot 37 19 ^ io p)2i McKat M 

P hurther btudics oi jxnato wilt e luse d h\ 1 tihtiUium alt ahum Jout Agi 
A 6 32 437 192i Numeroii otbe r host*- j n iNc tflcctid jii DOi i n 

B A \ t rticillium hadron M osis Ihlm tdia h 197 i>j 19il 

Blue mold of apples (Penictlhum ix/ian am Lk ) This is the n ost wnlespitad and 
dtsliuc ti\ t lot of apple in s ore d iniit HitoejK'^ Chakii-s ( txn i- 4 J S and 

1 ISHLK 1) h Disc isfs of aj'ples in slot igc ( S ]hp* \qr I armors Bui 

1160 J > lb 1920 Rosi-, J) H Dis( ises of epples on the m irkct U 
Ihpt Agr Bui 1253 1 24 1924 Baum m ( C Stem end rot of apples 

Scie?ice n s 56 707-70S 1922 (fcac also p 5S5 ) 

Leaf mold of the tomato (Clado^jMrtum fub um Cke )- A ru8t4 or e innamon-brown 
moid common on tomatoes under glass or m the open in the wariii(>r regiom> 
Maremson, W K The leaf mold of tomatoes caused 1)4 (Hados/fonum fulvuri 
Cke Mtch Acad Set Ann Re pi 20 309-348 1918 Spangler, R C 

Cladosponum fulvurn Bat Gea 78, 349-352 1924 Haspek, E Biologie 

und Bekampfung des Cladottpanum Julvum Cooke auf Solanum lycoperncum 
Zeitschr Pflanzenkr 36 112-118 1925 Gardnkh, M W Cladosponum 
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leaf mold of tomato: fruit invasion and seed transmission. Jour. Agr. Re^ 31:^ 
51^640. 1925. GtJBA, E. F.: Tomato leaf mold.. The use of fungiddes for 

its controhin greenhouses, ilfoss. Agr. Exp. Sla. Bid. 248: 1-24. 1929. Small, 

T.: The relation of atmospheric temperature and humidity to tomato leaf mould. 
Ann Apfd. Biol. 17 : 71-80. 1930 

Peach freckle or scab (Cladosponum carpophilum Thurn ). -Causes sooty or dark 
spots on the fruit and also produces lesions on leaves and twigs Keitt, G. W. : 
Peach scab and jts control. U. S. Dept. Agr. Bui. 395 : l-OG. 1917. Snapi*, 
O G., Aldbn, C. H., Roberts, J W., Dunegan. J C. and Pressley, J H 
Experiments on the control of the plum curcuho, brown lot and scab attacking 
the peach in Georgia. V. S Dept. Agr. Bui 1482; 1-32 1927. Bens^vdf, 

M AND Keitt, G. W.‘ Compaiative studies of certain Cladosponum diseases 
of stone fruits. Phytopath 18:313-329. 1928. , 

Stripe disease of barley (Helniinihosptr^'ium gtamine'iitn (H.) Knck ), net blotch of 
barley {II. teres Sacc ) and late blight or spot blotch of barley {H saitimm P Iv 
<Sr B.). — Three different diseases of liarley caused l>v species ut Ilclniinthosponuni. 
Ravn, K., Boi Tid. 23: 101-327. 1900 Pammel, L H , King, C M and 

tiAKKE, A. L. ; Two barley blights with companson of species of Ilolnuntlu)- 
Rponum upon cereals Joiva Agr. Exp. Ma Bui 116: 17K-190 1910 A llel 

minthosponuin foot-rot of wheat has recently been ‘‘tudied in IhiDois Steaen.'^, 
h Ij ‘ Bui III Nat Ihs. Survey (Ari. ^): 77 185 ltl22 A fiKit-rut <;f w'heat, 
rye and some wild grasses in Minnesota is caused bN H stUtrum Stakman, 
Lot isE J : Mijin Agr. Exp Sta Bui. 191. 1-lS 192(' DuEt’iisLtu, Charles: 
Some gramiiucolous specie's ot Helmiiitho.sponuin Agr He.s 24. 141-739 

1923. Ua'^fs, H K el al . TieenUou o( Minvitvs \o IJebnintho*.pomtm 

sativum Minn Agr E'^p Sta Tech Bui 21: Ht23 loEX, E. and 

RobELL.A, E Sill d(ii\ lielniintbosponoM'v de I’orgc Ann ^ pi ph 14* 269-279 
1929. Mitha, M \ cfiiiiparative studv ol sp(‘<*ie.« iind stpiiii^ of Hehnintho- 
sponum on certain iridian culti\.i(ed crops Trans Brit Myc Soc 16; 254-293 
1931 

Leaf mold, ring spot or fairy ring of carnation {lUtera .pornnn echmulatuni (link ) 
Ci'e ) -Piodiicc- ciKiilar spot** VMth eoncentnc /ones ot the djirk mold 
leaves, items and caK> Aikin'^on, G 1 ' Carnation vll,sef^^e^ Auienean 
C^anialion So(i<t\ lS9.t P et, il In l>i{‘ Piavi^ dt i Ht'k.inijiliing voi< 
Krankheiteniind S< liadiingen (h r Zierptlaii/.en pj] 184 isti Pan 1 Pan*', 1932 

Silver scurf of potato {Spnntlytorlmiiuw ationnns Iliu/) Gui«.(s vi!\m\ Ijlotcfies 
dotted with minute dark tutts rif the ti 'giis on the *-kin of tin ootaio tnbu , 
TArBENHAOs, .J * A COIlt Til UltlOIl tO Oir know ledgi ol -MM'l M- lit Ol the whltt- 

potato N 1' Bot (hird Mem 6 : 549 5<)0 191ti Smoltz K S Silvei 

scurf of the Irish potato caused bv N ahovirm^ .Jam hr 7?f ^ 6 .3 {9 .1.^)9 
1916, 

Blast of rice {Pincularui itryza* CVv ) A .serious discM^t of me, c.iu.s.ng lesion*- uii 
leal sheatlis, at their bases and in the “neck regi(*ii ‘ of th« < Mini 'riie lesion^ 
at the iK*ck region cause the stf*in to breat o\(‘r, hence the name “rot 1 1*11 neck 
Metcalf, H.- A prehiiiiiiary report on tlu t Last of nee X T l^r Kxp Stn^ 
Bui. 121. 1906. NibHihgADO, V.: Studies on thi* nce-blast fungus. Rtr. Ohara 
Inst, laruhv. Forsch. 1: 171-218 1917. - - Studios on the rice-bhist diseast* 

Jap. Jour. Bot. 8: 239- 244. 1927. 

L^af spot of beet {Cercospora hehcola Siice.).- A cuminon ami de.HrtTielive leal-spol 
diaoase of sugar beets, garden beets, chard and inangel-wurzels Pool, V W. anp 
McKay, M. B.: Relation o* stomulal movement to infection by Cercospom 

behcula. Jour. Agr. Res. 6: 11)11-1088. 1916. : Climatic conditions us 

relatetl to Csreospora hehcola. Jour A^. Res, 6: 21-60. 1916. : Field 
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Bindien oi Cercos par a bettcold Phyiopaih 8:119-136 1918 Schmidt, £ VN 

UAtrrsuchungen tib^r die Cercospora-Blattfleckenkrankheit dcr Zuckerrulx^ 
Zeit^chr Parasitenk 1 100-137 1928 Coonh, G H and Labmjbk, F G 

The plnsiology and variations of Cercospora beticola in pure culture Papers 
Mich Atad Set 11 7V-104 1930 Wenzel, A Beitrage zur Keontnis der 

IUatttlerkenkraukhciti ‘11 dor Zuckerrubr Phytopalh Zeitschr 3: 519-529 
1911 

Stnimella dtsease of oaks and chestnut (Stnt ^i(a corynecfidea Sa<c A Wmt ) - In 
this disfasi lo< alired (inkers iru<\ he developed ^hioh ultimatolv girdle 
th( trunk or so w(ak< n it that it nia\ break m heavy AMnda, or a more (Irffufu* 
t>p( of inft(tionma\ result fhepathogciu produce s numerous sporodoc hia on 
the dead hsrl Hi - aid I P and Shtdhaltlk, II A Tht Stnimella disease of 
oik and ch( stunt n(< Pa Ih pt Fortstn/ Biii 10 1 Ki 1914 

Wilt or yellows of cabbage ih a^anunt longlulinans Wob ) — Thi^ is a senoua disease 
of (ahbig( < h ira< It 117 # d h> \«Ilt»wirig and dwarhiig of tffteted plants TIh 
pathogim iurt\ lx s<i iluind int in (trtain soils as to pniint the grtnvth ot 
cahhagt 1 hi c mlrol of th# disi asi liloids i striking illustration of thi prodiK 
non of \vilt risist int strains hv iman’' of s(hffion JoN^s, L R and (iIlman 
J C' 111# (onttol of ( ihhairt Milov\< Ihrougl distasi iibistanu IFis Ayr 
Exp S/(/ Pul 38 1 ^ 191 > tiiiMAN J C C'lhlutpi mHows and tin 

relation ot t( inp< I it iiK to 9s oi i urn ik \nn Mo Hot (fnra 3 2^\ S4 1916 

JoNt*^ Ti R W VI KLH, I O AND 1 isDAi I W H 1 US iriuiii nsistant ( ihhage 
His Aip Lip Sta I{(s Hal 48 1 34 1920 Mann^. 9 1 Cahhagi uilt 

and sti m rot in Dilauan Ihl \qr Ar/ S6 j H\d 132 1 2l 1922 h*M'' 

I H WviKHii I r andMomiiih ) I lusiiium nsist it d)l>Hg( progn s 
\Mtli ^(foid ( ni\ !oai tj/> /f/s 30 1027 KM I 192> I INI'* 

£ f (hi tin nitun ot nsist im# to i abbagt mIIows Ju / \qr 32 

1S3 199 192(i f hi inthifiii# of sod ti inpi ratlin md si>il lujivtun oi 

th# di VI lojiini nl #)1 villiW' in i ding sudlings Jau’*' \ar Ht 33 97’* 992 
192() W Ai Ki li 1 (' Inluiitiiui ot Jusmui ri '•I'-tnin i in dKag# tour 
Agr Rts 40 721 71) 19 to AND hMiin R LfTiil ol niMroniniuta 

factors upon tin nsist mii ol < d h igi to ^lllo\^s Jour \qi R-ts 41 1 1> 

1930 AND AiNloUgu tl sludv of i Odngi j)l ml in strains susi ( jit 

hU or resistant to vfllows /n?/ \qr Rt 41 17 t> 19t0 

Wilt of flax J at mm lim Holh I ht piisiini of tin lui i U'^ is i« sponsihh loi 

inanv(astsof flax sk k ‘‘Oii and has h# < n i limiting ‘ i i ir in th# piodni tion o' 
flax PI irit'> rn i\ h# att k kc d pi« \ loiis t > # nu ig# m # fi#> \ In gDuiu^or it m 
titm I ilor and lit irul du Ihi di-vt a'»(. i ( iiiitdbN tin d md t >rni ildehv d< 

disinfM tion Ills 1)1(11 us# d with su#((ss Bol]( \ ii hit ni rk# 1 sm ( # ss in th 

HcUition o! wilt nsistant strains Bolii\, H J 1 1 1\ wilt iml H i\ sick sod 
A D \gr Lip nm Hal 60 27 60 1901 lisi>\Jh,\\ H M tx w dt, a studv 

of th< riatun mi nhtntii>(( of wilt resistance Jour igt Rtn 11* 573 -60() 
1917 JoNts, I H Iisdall, \\ B flu influi in ( of soil tempt rature upon 
the dcvilopiinnt of Hax wilt PhytofnUh 18. 409-413 1922 Asuerhon, A 

K Biochtmislrv of pUnt disiatK^s Tht biocheinistrv of h usarxum lint Bollev 
Ljjuv Minn iStwIus Biol Sci 8. 237-280 1924 Barker, H D A studv of 

Wilt resist mi c in fl ix Minn Agr Ezp Sta Tnh Hal 20' 1-42 1921 

BRADJoor, \N C Studi# s on tfie imnuutisin of Fnnanum litii Bollev Phytopath 
16 951-97S' 192t» 

Tomato wilt i^Foitanum lqco{terKici hat < ) — Wilt of toiimlocB is a very tienoua diauaat , 
<spo(iHll\ m thi Miiidk Atlantic , Gulf luul lower MiHsiasippi Valiev states, but 
dso prevalent in other set t ions frrnn t^e Atlantic to the PtUifir It ischaructtn 
ued bv a yellowin'^, an upward and mward rolling of the leaves and wilting 
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followed by death Cross and longitudinal seotionB, especially at the base of the 
stem of infected plants, show a brown discoloraticyi of the vascular bundles. 
The pathogene may also advance into leaves, fruit pklicels, fruits and even into 
the seeds. Much progress has been made in the development of wilt -resistant 
strains. Edgerton, C. W. and Moreland, C. C.: Tomato wilt. Lo. Agr, Exp. 
Sta. Bui 174 : 1-64 1920 Elliott, J. A. and Crawford, R. F.: The spread 

of tomato wilt by infected seed. Phylopath. 12 : 428-434. 1922. Pritchard, 

F. J.: Development of wilt resistant tomatoes. U. S. Dept. Agr. Bid. 1016 : 
1-18 1922. Clacton, E. E.: The relation of temperature to the development 

of Fusarium wilt of the tomato. Amer. Jour. Bot. 10 : 71-88. 1923. Scorr, 

1. T.: The influence of hydrogen-ion concentration on the growth of Fusarium 
IffCopersicL and on tomato wilt. Mo. Agr. Exp. Sta. Res. Bui. 64: 1 32 1924 

White, R. P ; Studies on tomato will caused by Fusarium ii/co/jersici,Sacc. Jour. 
Agr. Res. 84: 197 239. 1927. Haymaker, H. H.: Relation of toxic excre- 

tory products from two strains of Fusarium lycoi)crsict to tomato wilts. Jow 
Agr Res 36’ 697 719. 1928 McWhorter, F P and Parker, M. F : A 

comparison of wilt-resistaiit tomatoes in Virginia Va Truck Exp. Stn. Bui 
69:789 797 1929 

Fusarium wilt or blight of the potato (Fusarium oxysjtonun Schlecht;. — This wide- 
.spr<‘a(i soil fungus can attack any part of the potato plant and produce a wiliong 
and death of the plant with or without rotting of naits, stems or tubers. Neither 
I he vascular discoloration in the stem nor the atem-end browning of tubers is a 
diagnostic character of the disease^ since the symptom may l)e absent in wilt 
or may develop as a result t)f drought and high temperatures Infection may 
take place tlirough roots or seed pieces from the organism already in the soil 
or from infected st'ed, )»ut the fomw r method is the more frequent. Control 
of the disease cannot be accomplished by cutting off the discolortnl stein ends of 
seed tubers, but such discolored tubers arc objectionable for seed purposes, as 
thfy arc likely to produce weak plants. Macmillan, H. G.: Fusarium blight 
of potatoes under irrigation Jour. Agr. Res. 16 : 279-303. 1919 Bihby, 

(i K. : Studies on Fii.saniiin diseases of potatoes tfnd truck rn>]>s m ^ innesota. 
Minu. Agr. Exp. Sin. Bui 161 : 1-44. 1919. Edson, H. Vascular dis- 
coloration of Irish potato tubers. Jour Agr, Res. 20 : 277-294. 1920. McKa^, 

M B. : TraiLsinission of some wilt diseases in w'cd potatoes. Jour. Agr. Res. 21 : 
821-848. 1921, Goss, R W' : H(4ation of environment and other factors to 

potato will caused by Fusarium oxysftorum. Neb. Agr^ Exp. Sin Res Bui. 23 : 
1-84. 1923. Fahm^, T : The production by Fusarium solani of a toxic excre- 

tory^ substance capable of causing wilting in plants. Phytopath. 13 : 543 - 550 . 
1923. McKa\* M B Potato wilt and its control, (he. Agr. Exp. Sta Bui. 
221:1-23. 1926. 

Wilt of cotton (Fusanum vast rtf erturn Atk.b — This disease of cotton frequently causes 
dwarhng, but diHcolonition of leaves, wilting and death of plants are responsible 
hir h^•a^ v losses m the southeastern l^nit€*d States. The trouble generally appears 
m s{N)ts 111 a field and thc\se may enlarge from year to year. Young plants nia> 
die or they may succumb ut various stagoaof their growth. The disease has been 
called “ Black nad,” since the roots of affc*cted plants turn black. A brown or a 
black discoloration of t^c xylem in stems or other affected parts is a strong 
e\ idcnce of the disease. Wilt of cotton, watermelons and cowpeas was attriK. 
iited to an ascigerous fungus, Neocosmoapora vasinfecta (Atk.) <8mith, hut more 
n'cent investigations have sliown that the ascigerous fruits lielongod to a sapro- 
phytic intruder (Higgins, 1911). Crop rotation and the use of wilt-rosistanf 
varieties are the accepted methods of, control. Federal and state deiiartiiients 
and private in4hviduals have bred resistant varieties. The first produetion of the 
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Burp.au of Plant Industry was Dillon, hut t,hiR haa been largely replared by Dixie, 
aftfTJore doairable varioly Smith, Erwin F. : W ilt diaeaar of cotton, watermelon 
and cowpea. f/ iS/Oepf Agr.^ D-tv, Veg. Pht^a. d* Path. Bid. 17: 1-63. 1H99. 

Hiqoinh, B. B.: Is Nrocosmospora vasinfecta (Atk.) Smith the perithecial stage of 
the Fusanurii which pauses eow’pea wilt? N C. Agr. Esp. Sta. Ann, Hepi. 32: 
100-116 1911 Lkwis, A C. \ND McLenoon, E A.: Cotton variety tests for 

taill wp<‘\il and wilt coiulitiona in Georgia. Ga. State Bd. Eni. Bui. 46: 1-36, 
1917 Gilhbht. W', W’.: Cotton diseases and their control U. S. DepL Agr.^ 
Farmers Bui 1187: 1 3‘2. 1921. Elliott, J. A.: Cotton wilt, a seed-lxirne 

dis<‘aso Jour Agr. UeA. 23: 3^7-393. 1923. Neal, D. C. : Cotton wilt; a 

jmthologx al and |)h>siol(>gK Hl investigation. Anu. Mo. Bet. Gard. 14: 369-424 
1927 \or\a, V. li t.\)t ton-wilt studies I. Ark. Agr. Exp. Sta. Bui. 226: 1 -50 

192H. ^ , Ware, J. O ani> Janssen, G.: Cotton wilt studies II. Ark. Agr. 

Exp. N/fi Bui 234: 1-32 1929. Dahtur, J F. : Cotton wilt. Mem. Dept. 
Agr hut in Bot Ser 17: 29-73. 1929. W^alkbr, M. N : Potash in relation to 

cotton wilt. Fta. Agr. Exp. Sin. But 213: I- 10. 1930. 

Di t: .Sfecie.s of Mela nconi albs 

Anthracnose of grape {Gi'po.'tponum ampelophngum Sacc.). — The cause of stem lesions 
an<l fmit infect ions giving rise to the popular name of '‘bird's-eye distiase ” 
Shear, C. L. : (irape nnthracnose in America Ini. Gong Vit. Kept. 1016: 
111-117. 1916. Casi’blla, F. de and Brittlebank, C. C : Anthrarnose oi 

black spot of the vine. Jour. Dept. Agr. Virtorin 16: 404-421. 1917. Reported 

ascigorous stage Mnng^nia ampebna (V. 4c P ). Shear, C. L. : The life hiator>' 
of Sphacelovui nmpehnum fDe B.). Phytopath. 19: 673-679 The ascigeniux 
stage IS described as Elmnrr ampelinn^ a apeeies very similar to the Rubiis form, 
Elsince vcncia ^^PJcctodiseella ). 

Citrus scab (Glteosponum fawceiiii (Jenkins). — This is an imjiortant c.itn is disease of 
the Gulf states and many foreign countries, which produces its characteristn 
lesions on leaves and fruits, and to a lesser extent on young succulent twigs 
Winston, I. R. ; Citru.s scab: Its cause and control. U. S. Dept. Agr Bid. 1118: 
1-38. 1923 Peltier, George L. .4nd Fkbderich, W. J.: Relation of environ- 

mental factors to citrus scab caused by Cladosfporium citrx Massee. Jour. Agr 
Res. 28: 241-254. 1924 Jenkins, Anna E. : The citrus-scab fungus. Phyla 

path. 15: 99- 104. 1925. Changed from Clndosporium citri Fawcett (noi 

Massee) to the form j^enus Sphaceloina. Cunningham, H. S.: Histology of the 
lesions pniduced by Sphacelonia fawceUi Jenkins on^ leaves of citrus. Phytopath 
18: 539-545. 1928 Jenkin.s, Anna E.: Insects as pcjssible carriers of the 

citrus-scab fungus. Phytopalh . 20: 345-351. 1930. 

Superficial bark canker of apple {Myxosporium coriicolum Edg.). — Common as the 
cause of cankers on apples and pears in northeastern states. Edgbrton, C. W. 
Two httlc-known Myxo.sporiuins. Ann. Mycol. 6: 47-52. 1908. Gilchrist, 

G. G.: Bark-canker disease of apple trees caused by Myxosponum corticolum 
Eldg. Trans. Brti. Myc. Soc. 8 : 230-243. 1923. 

Anthracnose of cucurbits {Colletotrichum lagenanum (Pass.; Ell. tk. Hals.). -Thi'- 
dis#»ase is characterizecl by discolored or sunken spots on leaves, stems and fruit 
of cucumV>ers, musk melons and watermelons, ocsides several non-econoinK 
hosts. Gardner, M. \V.: A ntn ramose of cucurbits. U. S. Dept. Agr Bid. 727: 
1-68. 191 S. Stevens, F. h. The nscigerous stage of Colletotrichum lagenarium 

induced by ultra-violet radiation. Mycologia. 23: 134-139. 1931. Report .d 

as GlomereUa lagenarium. 

Wither tip of citrus plants {CoUeiotrichunj^ glcsosporiaides Pens.). — This trouble affeetc 
leaves, twigs and fmits. In all citrus fruits except limes it is connected with 
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(lying hack of twig? and brancheB It has bmi reported to cause much of the 
tear staining or tear streakmg of various varieties, hut this relation has been 
disputed and tear stain, jit least under Flonda conditions, is attributed to the work 
of nist mites It is also assfieiated with the aiithracnose spotting and storage rot 
of fruit Fawoett, H. S . Citrus diseases of Florula and Cuba compared with 
those of California Cal. Agr Exp Sia Bui 262 : 153-210 Bi’rger, O F. : 
Variation*^ in Cnlleiotrichum glaeo'iporiotde» Jour. Agr Rex 20:723-736 1921 

Winston, J K . Tear stain of citnib fruits V S Dept Agr Bui 924 : 1-12. 

FAW^oErr, II S. \nd Lee, H A.: In Citnis Disease and Their Control, 
|)p 2?s7- 293, 396- 39S, 454—461 McCiraw-Ilill Book Company, Inc., New \()rk. 
1926 

Anthracnose or ring spot of lettuce ^ Marsaonnui pnnaitontana (Berl } Magn ) — This 
(bseasf is ( haractenzed by bmwnish .sunken spots on midribs and petioles of tlfe 
IcHies and bv dead spots in the leaf blade, whieh soon fall iiwav, leaving perfora- 
tions The disease ajipears m the field and under glass* and is more severe' in 
a fall '-(‘eded erop than in spring .seedlings The pathogene has been found on 
f/verwintenng rosettes of wild lettuce {Lactura nrariola) Bhanueh, E W : 
Jour Agr Res IS: 261-280 1918 Salmon, K S. and Wormald, H.. The 

‘ ring spot" and nist disease of lettuce Jour Min Agr Gt BrU. 30: 147-151. 
1923 Pape, H I>»r Pilze, Marssonia panattomana Berl als »Schadhng des 
SHieensalates Gartenhaun'tssensch 1: 524 527 1929 

Blight of stone fruits iCorvnevm beijernickii Cud ) This trouble has sometimes been 
failed California bhglit because it was first liudied in this country m California. 
It IS probablv identual with the pustular sjK)t of the eastern United States and 
Ijas long knf)Wn m Europe and other foreign countries It causes a leaf 
s|K»t and shot-holing (wig spots on one-vfar old shw)ts, with fn*qiient invasion 
of a(lja(('nt buds, (‘ankers on older braneht's and .spotting or rotting of fruit The 
final result ma\ be nifire or less defoliation, diebark of slioots and dropping or 
dishgunng of the fniit It affeet*< poaches, apricots, plums and cherries Fruit 
IcMoris on clKTries differ from thi'se on peaches and apricots by bemg fewer (one 
or tvv(^) and causing a dr^ mg of (he tussue to the pit or a .spreading infection that 
mvolv'cv ihe entire fruit or a large portion of it Smith, R K (/iilifomia peach 
blight CcU Agr Eip Sia Bui 191: 73-98 HK)7 Cokdley, A B and 
C\te, C C Spraving for p<*Hch fruit spot Ore Agr Exp Sta Bui. 106 : 4-15. 
UX)9 Pmiker, Charle‘> Corvneuni blight of stone fruits flouard Rei' 2 : 

1 40 1925 S\MrEL, Ci On Ihe shot-hole di8ea.se caused bv Clast erosponum 

carpophrlum and^:)n the allot bole effect Ann Bot 41: 375-401 1928. 

Leaf spot of cherries and plums {Cylmdrospomnn spp ) — These imperfeit fungi are 
stages m the life ('vele of Coccomyces sps (See sjHs’ial treatment of Cherry* 
lit'af Spot, p 551 ) 


Due vit SpEciEB of Sph/1':ropsidales 

Apple blotch {Phyllostirin ^ohtaria E A E ) - This important apple disclose of the 
Ozarks and the central Mississippi V'allev is chara-cterized b> the production of 
Usioiis on leaves, fruits and spurs, t\Mgs or branches The leaf spots are small, 
irregular or angular, light broN^n or \ello\Ms)i, I to 2 millimeters i|i diameter and 
, each produces one to several pycnidia The fruit lesions appear as dark or nearlv 
black blotches marked by irregular, jagged or fnnged margins. Minute blaek 
pycnidia appear in th<‘ center of the ^blotch Minute discolored spots each 
bearing several pycnidia appear on the 1-ycar-old wood. On the older branches 
the bark of the cankers is roughened ancf cracked. Scott, W. W., and Rorsr, 
J. B.: Apple blotch, a serious disease of southern orchards. U. S Dept. Agr, 
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Hur. PI. Ind. Bui. 14 A : 1-28. 1909. Lewis, D. E.; The control of apple hlotch. 

Kan. Agr, Ezp. Sla. Bui. 196 : 520-574. 1913. Roberts, J. W.: Apple hloteh 

and its control. U. S. Dept. Agr. Bui. 684: 1-11. 1917. Selby, A. D.: Apple 

blotch, a serious fruit disease. Ohio Agr. Exp. Sta. Bui. 333 : 487-505. 1910 

Gardner, M. W., Greene, L. and Baker, G. £.: Apple blotch. Irui. Agr 
Exp. Sta. Bui 267: 1-32. 1923. Guba, E. F.: Phyllosticta leaf-spot, fruit* 

blotch and ranker of the apple; its etiology and control. PhytojHith. 14 : 234- 237. 

1924. Also ///. Agr. Exp. Sta. Bui 266: 4S1-551. 1925 : Tathologir 

histology of apple blotch. Phyiopath. lA: 1924. Roberts, J W ANt> 

PiEROE, L : Apple blotch. U. S. Dept. Agr.^ Farmers^ Bui. 1479: 1 11 192r» 

McChJNTOCK, J A.: The longevity of Phyllonticla aoUtaria (E. A E) on appl»- 
seedlriga held in cold sto rage. Phytopath. 20: 841- H4H. 1930 
Fruit spot of apple {Phoma pomi Pass.) This disease is characterized by the forme 
tion of minute spots, generally centering at the iruit lenticels \Vlu‘n young, 
the lesions are of the same color as the skm of the fruit but darker, while with 
age they become dark red, brown or black and somewhat sunktui. The lesion- 
are relatively superficial but with age cause a discoloration of the tissue beneath 
, the skin, and minute spore fruits appear in ihe center of the spot or are nidiall' 
arranged The causal fungus first produces a Cylindrosporiuin stage, which i 
followed bv the Phoma stage. More recently a perfect stage h?i.s betui dt‘srnlMMi 
(Walton and Orton, 1926) and referred to MyconphiErella }H>mi Pu^^ser Tin 
fruit spot iH a diseast‘ that is rather general throughout the iiorthea.stern Tuite l 
States Buook.s, Chauleh: The fruit sjKit of apples N I! Ayr Erp St,i 
Kept 1920:332-365. 1908. — and Blai'k, (’ A. : Apple Iriut .spot and <ju tin 

blotch. PhytofHith. 2: 6.3-72 1912 Tho\ias, H. C : A new fruit spot ol th» 

apple, Brooks’ spot Ohio Agr Exp Sta. Mo Bui 8:91 <Ki 1923^ \\ \i r(»N 
R. C. AND OimiN, C R. : The perfect stage of i'yhfuiro.sfmnutn putm Sneiu* 
63 : 236. 192(i Martin, H. W : The Phoma fruit spot of the apple Pun 

New Jersey StaU Hort. Soc, 1929 : 57-66 1930. 

Blackleg of crucifers {Phoma lingam ('pode) llt'sm Lk^hious appt^ar on rhi* stene 
near the gmund and these soon become sunken and dark, hence the name bla<4 
leg Ijcsions may 1 k‘ formed on petioles and leavi*s, and these generally benr 
numerous niimito black py^cnidia Sc*edlings rnav collapse while still .u the seed 
bed, or the disease may not be appanmt until the plants have become t‘stabliHh<*d 
in the field Th<‘ pathogene persists in the soil and may be earned by the .seed 
Henderson, M P. : The blackleg di.sease of cabbage eaused by" Phoma litigatu 
(Toile) Desm Phyiopalh. 8: 379 431. 1918. Walker. J G . St‘ed tn‘atinent 

and rainfall m relation to the control of blackleg V. S Dfpt Agr Bui. 1029’ 

1 27. 1922. : The hot-water treatment of ejd)bage seerl PhytofHith. 13" 

251 253 1923, Hex, E. G : Experiments on the control of blackleg disea.se ol 
cabbage Pa. Agr. Exp. S(a. Bui 199: 1-23. 192.5. Clayton. E E ; Bhiekleg 
diBoase of bnisw'Is sprouts, cabbage and cauliflower. N. >' State Agr. Exp Sin 

Bui. 660: 1 -27. 1927. . Seed treatinent for blackleg disease of crucifer' 

N y. {Oruera) Agr. Exp. Sta Tech. But. 137: 7-58. 1928. 

Tofnato Fruit Rot {Phoma ^lestruciiva Plow.).*- This diHea.se is of most eoneeni boeauM' 
of its effect on the fniits, but leaf spots also aeeompuny the trouhle. Lesioi.' 
appear on <‘ither green or ripe fniit, and are evident as brow n or almost black ish 
depressr^h spots 1 to 3 eentimcti'rs in diameter, upon which dark pycnidia may be 
formed On fruit in storage or in transit to market, the causal fungus may form 
a superficial grow’th of dirty-gray, fluffy mycelium and the fruits may bo ruined b^ 
the spread of the piithogeiu' Th.s fruit rot is most prevalent in Cuba and th« 
southern United State.^, and frequently eaiistM) heavy losses on shipments to th«' 
northern states. Jamieson, C O.: Phoma tleHtnuAiva^ the cause of a fruit rot 
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of tho tomato. Jour Agr. Res. 4: 1-20 1915. Link, G. K K. and Mbij:h, 

F. C : Phoma rot of tomatoes U S Dept Agr Circ J119 : 1-5. 1923. 

Sggplaiit Blight •{Phomopsts vexans (Sacc & Syd ) Hart ). — Three types of mjury 
are caused by this disease (a) damping-off or seedling stem bhght of young 
seedlings due to attacks of the fungus for an inch or more above the soil level ; 
(h) brown leaf spots, 2 nnlhmetere to 2 to centimeters m diameter, of round, 
oval, oblong or irregular shape; fruit lesions appeanng at first as cirtular, 
♦depressed, discolored areas of rotted tissue which may advance rapidly until the 
entire fruit is rotted Py( iiidia ma\ appear on the killed tissues and are espe- 
cially abundant in the fruit lesions, appearing first at the center and then over the 
entire surface of the fruit, which later becomes a more or less shriveled bL\ck 
mummy Two types of spon's are produced* (a) pycnospores of the Phoira ty oe, 
5 to 8 by 2 to 2 8m and two-guttulate; and (6) filifoim, curved stylosyores 13 'ly 
28m Harter, L L . Fruit rot, leaf spot, and stem blight of the eggplant causi^d 
by Phomopsts vexans Jour Agr Res 2: 331-338 1014 Edgehton, C. 

AND Moreland, C C* Eggplant blight La Agr Ej p St a Hut 178 : 1-44 
1921. Nolla, jab The eggplant blight and fruit lot m Porto Rico Jour 
Dt T)t, Agr. Porto Rtco 13 : 30-57, 1929 

Melanose and stem-end rot of citrus fruits {Pfuimopttis ctiri Faw ) ~ Both of these 
troubles are due to the same fimguS, molanoHO resulting at any time when concfi- 
lion? are favorable and there h a flush of growth, while stem-end rot occurs only 
when the fruit is approaching maturity or has reached inatunt\ Melanose has 
the same general appearance on leaves, stems or fruits and results in the formation 
of ''small hard, raised, reddish-brown spots or specks, scattered over the surface 
of kM\C8 or fruits In general, these bpots are round with a smooth, glazed 
surface In slight attacks the spots may be so wid« Iv scattered as to escape 
notice, while in severe eases the surfaces may be thiekh studded with small spots 
or specks" (^fiovens, 1918) The stem-end rot leads to mjurv to the fruit m two 
wa^& (a) eausing dropping and rot eithcT before or after maturity on the 
tree; and (ft) b> causing a softening and rut in transit to irajket oi while being 
held for sale ' Next to the blue and green molds, thib deca\ is the most common 
and trouble^^ome rut in Florida duiing ecu tain seasonM, when conditions are right 
for it^ development' i^hawc'ett, 1915) hAWCETi, U S Stem -end rot of citrus 
fruit -i Fla \Qr Ej p J^ta Bid 107 1 23 1911 Floyd B F and Stevens, 

11 E Melanose and stc m-<*iid lot Fla Ayr Exp Sta Bui 111 ; 1-lfl 1912 
Fawcett H S Citnis diseases of Florida and Cuba compared wuth those of 
California C(d Agr Exp ^ta Bid 262 . 151-211 1915 Stevens, H E . 

Melanose II ^la Agr Exp Sta Bid 146 : 192-110 1918 Winston, 

J R AND Bowman, J J (ioinmercml control of melanose V S Dept Agr 
Cerc 269 : 1 8 1923 ^^^^sTON. .1 H, Iuiton, Hakki, K and Bowman, 

) J Commereml control of citrus stem-end rot F JkS Dtpr Agr Circ 293 
1-10 1921 Htthgeu, O 1’ , Dmush K F and Buic, is, W R Preliiiunar\ 

report on (ontiollmg melam sc am’ preparing fku h aux-oil Fla \gr Exp 
Sta Uiti 167. 123 140 1923 Wolf, h A The perfect smge of the fungus 

which causes melanose of citrus Joui x<gr Res 33 021 025 1920 The^ 

ascogenoLis stage lb />/opo^//icj Wi^hion, J R, Bowman, J J and Bach, 

W J Citrus melanose and its contiol V S Dept Agr Bid 1474 : 1-02 
192'^ Bach, W J and Won-, I A 1 lit isolation of the fungus that causes 
citrus melanose and the pathological anatomv oi the host Jouf Agr Res 37 : 
243-252 1928 

End rot of cranberries (Fusicoceum putnfaenns Shc‘arj The rot caused by this 
organism generally begins at either the^^tem end or the blossom end, hence was 
named the end rot Id the inception ot the trouble there ih a Bofteiimg of the 
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tiflaups accompanied by discolorations, and affected fniita are finaily tranaforined 
inK) dark, dry, shnvpjcd muiiimiea. It la a serious storage rot of the cranberry 
She AH, C. L * End rot of cranbernes Jour Agr, Res, 11: 35-42, 1917 Ste- 

vens, N E.. Temperatures of the cranberry regions of the United States in rela- 
tion to the growth of certain fungi Jour. Agr. Res. 11: 521-529. 1917. - - 

AND Mokse, K W . The effect of the end-rot fungus on cranberries. Anier. Jour 
Dot 6: 23.V241 1919. Shear, C L and Bain, H. F.: Life history and patho- 

)ogi(*aI ^ispeets of Oodrontn cassatulne P(‘ek {Funcoccurn piUrefanens Shear) an 
cranberry PkgtofKitk 19: 1017 1024 1929 

Canker of poplar and willow {Ciftos]mra chrysosper’ina (Pers ) Fr.) — Typical cank 3 rv 
are torined on twigs, lini)>H or trunks which may be girdled Pycnwlia are formed 
m abundance, and thiTc* is a copiou'^ protrusion of reddish-yellow -sjKirc horns 
followun^ rams or during humid periods The pathogene affect*^ both poplars 
and willows Lono, W H An undescril)ed canker of (xiplars and willows <*auaed 
by Cylosfmra chrysa^pertna Jouj Agr Rs'i , 13: 3ol-315 1918 Povah, A 

II W An attack of jwiplar canker following fire mjiirv PhytnjKith 11; I*)? lb's 
1921 

Citrus knot (Sphittop'its tu/fu Jaru ns Hedges) In this tn>ublc of limes and oranges, 
knots varying from \ t<j 2 or 3 inch<‘s m diameter may be formed on twigs or 
branehi s The galla arc‘ geiierall\ round, but in som(‘ eases an eruption ma\ be 
formed extisiding paralh‘1 to the axis id »i branch for several mehes The galls 
are at hrst sinotith but with age beeotin rougli and fL«surf‘d (Iroups ot hninehes 
may be formed from tic Knot % on lime tries, giv ing rise to t\ pieal w itches’ brooms 
the sh(K)ls of \\hi<)> inii\ also develop knots Pvinids of th(‘ Inngus develop 
on the knots or o»i he (h*ad lairk ot adj n < nt paits 'rin disiMsc wa'- first Kjxirtid 
from .binriica but has sirne been studied in 1 loiida Hedi.is, k Spharopsi 
ivimfacKfts Nov Sp , the eansr of the hnn .ind orange knot }*kgt 4 t(xith 1 
(>3 -(io 1911 \NI>Tknnv,L S \ knot of < it nis ti( (*s c.insed l>\ iS/>/npr<>/>- 

.S7A tumifdcif ns I S Dt pt \qt , Hut FI Ind liul 247 I 74 1912 

Rhoades, A S vnd I)i>Bisk, E F Diseases »f utnis m I'londa Fla Ir/r 
Erp Sin Hid 229; 101 lOt) 1911 , 

Diplodia disease of citrus {Ihplodtn nnlahnsis Evans) Tins ilis<*asi causes mjur\ 
in two diffenuit w.ivs (<i) bv a killing of tin' bark of ]>ranehes of all .sizi's, aeeom 
pained b\ the oo/mg ol gum, and {h) bv causing a st('Tii-cnd lot of the tnnt 
.similar to that caused bv l*hftmops 7 s ntri Ijocali/ed or evtended lesions ina\ 
be fonmsl on large branches, or small brarn lies mav be kilhsl back foi sonn 
distance I'lu' fruit rot can lx distingnishrd from tin* Phonl<^p•^1.-» rot b\ th( 
darki r color of tin affis-ted (issin* 'I'ln* dis<‘a-.< w.is first stndn'd in Staith 
Africa 'irnl has been rejiorted from ('iiba and Florida Evaxs, I H P Transvaal 
/)( p( tr/r iNn Hid 4 1910 ST^^^^s N F vndWikox. M S 'rin- citrus 

.stem-end red '‘Diplodia ; its life historv ainl rehitjon to N'p/nm>/>s?s innltrntvi 
Fhytiipath 16 332 340 1925 FvwchTr, S 11 vxn I.kk, H A loc nl pp 

409 412 192f) 

Chrysanthemum ray blight (Ascachi/fn rhrgsnnllM mi Stev ) The blighting cif tin 
comlla of the ray flowers resulting in |)oorlv dev elo|><'<l, discolonal, one-sided 
heads is the most charaetensln featiiri' of this disease “If the case be sev^cre, 
and a bud be attacked wluU' still voiing, no ravs will develop; the head will not 
open ' L(*8ion8 may also be produied on the stems, and adjacent leav’cs may 
be involv’cd ' Stevens. F L Chrvsaiithenmm rav blight Htd Gaz 44; 

24I-25S. 11K)7. Pape, H . Bluteiischaden bei Chrvsantheiiiuiii Gartenw 

31- 604-006. 1927. 

Stem rot and leaf spot of clematis {AsMhyUt cUmaUdina (Thuiii.) Ciloy.). This 

diaeaHc may be evident as a stem rot alone or an a leaf spot and a stem rot The 
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liLtiguR iTJa\ ari\Hi)Of Hown ihr into iV* stun by growth it ftiay 

girdlo and kll^ thf stfin or incU pondr nt inti rnor) il iniu 1 h m ty h ivc t)u sanif 
tffe(t l^uiidia iiut\ Ik prodiuid on t»tlui K if or sifin Ii sions nio^FH 

W O \scochffta chntiilidinn tin i \nst ot Mnii rot ind i» il sjxit of Cltni'^tw 

N } {(r^yma) i<rr Erj> Sfn Itch Hul 44 ^ ’ 4 t*)l 

Hard-rot disease of gladiolus (Sf/i/onn qlnlioh Pi s^r; 1 Ins dist is< is <lmriittri 
i/(dh> tin prodiK"! m of on tin UavfS bi t thosi >n tin (oiiosatt of most 

(oiutrn iSk dlings ai d jdants from ( ornn Is lu inor» suM»ptibl» to li nf inln 1 ion 
than oldt r plants tin «pots lu mg n ddisli br(»v\ n ind moit oi b ss < in uUr or with 
sti light shUs whin tin a(hani( is liinittd 1)\ tin luiiirib Oldir lisions show 
light gri\ antirs with mum ions pMnidia ‘“iiioimthd b\ a /oin ot purplish 
brown to blaik Tin final nsult on tin forms is tin prodmtion of^smkcn 
dark or almost black spots ct \ inabh form ind size with di hniti maigms 
i lu hpolb nia\ b( ft w orminnrous ind idjiunt lisions in i\ toaUsu to form 
larger ones lln txtnnn cfTcit m i\ bt tin ii bn turn ot tin (orm to i haid 
shruc lid and wrinkled I Ink munuriA \fTeeti [bulls ifjiianted ma\ pnahue 
dwetfed plants which sometimes fail to bmsK >n Massfi I M Ihe hard 
ot disease of the gladiolus ( or mil f tni Inr hi) ^tn HuJ 380 I'll IM 

19U) (iiiiYVR \\ 0 \Ni> C AUi hNTi* K H ( CoinpHrison of f uiigii iclos for the 

control of hare! rot of gladiolus eornis Hul \tu (tUui Sof 4 ^4) 2(1 22 

1927 

Tomato leaf spot {Stpionn l/rofur'^in Speg ) While ♦hi'^ li'^e is< is dhel tin U if 

s|M)t It ilso proehucs siinilar lesions on ste ins e ih \ indHowei pe eln e is arnl more 
rare u on ^olmg iniits lln cireuhr 1 leiwnish or gi imsIi !♦ if \ ii\ m size 
from that of a pinheael to H<\cral imlhnnter'* in dimntei ami nii\ be few in 
number oi so minurous istoeoalesee iinl eemipIcteK I light the itTeefeel le i\e's 
lln h^a\^ tarh ele fohal ion w hn h le suits m n gu ns in w 1 n h t he elis< ise pre\uls 
e-uists ( nonnous annual los f> due to re dm lion in iield ind iKo tei lowereel 
(|iiilit\ of tin fniil lln pirisiie h is a nirrou ningi if spm ilition tem|Hra 
tures nz VI to ^0 5 h , lienee |s ui imp«>r1 uit exeept in eilim pirf-not tin 
Mideile \tlintjt and Middle Western ilates Ihe pinsite li\(s(\er winteroii 
df ael le i\e s ind V irn s of 1 he toimilo ind I in ilso sui \ i\ e e I th 1 nl h iii mis of 
\ irious e rops IteinliM is i parasite on \ arions ot In r p< i n s of Sol mae e be* 
sue li as (oiniin>n nightshide Imrse nettle gr mm) ilMrr\ ind mis )n we eel 
lienee sinitarx imasiires »re of inipeertime to supple im iit either eontrol pne 
tnes L/ua Ihe leafsfxit cIim is< of tomatei Mirh \q} Eip S/rj 

lech Hul 25 7 ^1 l9l(i Ceiovs (i 11 and Limn Lzha Ihe leaf spot 
elist*as( eif tomato Mtch iqr hxp S/ri S/»<r Hul 81 I I > 1917 Mahtin 

W 11 Stuelie s on teininto le af s|K)l eontrol \ / le/r b rp Sta Hul 346 1 42 
1920 Mrseit I 11 lomato le af s|K)t inel e xpe rime nls with its e emtiol /\r 
\Qt bip ^in Hul 177 1 21 1922 PitncHMin I I and Poiiii- W h 

The ( e)ntre)l of tomato le af sjait I S ])epl L/r H tl 1288 I IS 1924 

European canker of poplar (Dothichiza fntpuUee S iV. H ) 1 his is an introdmtion 

from Eurerpe whnli afTeefs sexeral s|K<ies<if |>oplais and eottonweaxl (’ankers 
an fonmd U|)on trunk or brnnelns loliowed lu death of parts distil to tin 
ginlled zone Ibin.eoeK (» (i and Hr sr \ H Dothichiza fmpuUa in the 
r S \fy(olo(pn B UMV 40K 19U) Dftmfrs I rmia Dothirhiza < anke r on 

Norwa\ |K)plar PhyinfMth 13 245-247 1923 Humkock (• ^ Dothichiza 

*populea and ita mode of infer tion Phyiopatk 17 54V547 1927 



CHAPTER XXIV 


DISEASES DUE TO SMUT FUNGI 
USTII\GINALES 

The smut fungi have received their common name because of sooty- 
black spore masses or son which are characteristic of many of the species. 
Not only are the spore masses generally black, but in a very large number 
of cases they break up into a fine dust-like powder, the individual spores 
or spore groups, which are readily dissipated by the \iind. The smut 
fungi are all obligate parasites, although they produce a stage that 
develops independent of the host. 

Hosts and Economic Importance.— The smut fungi attack many wild 
and cultivated hosts, but the species of most economic importance are 
those affecting the cereals — wheat, oats, barley, rye, corn, rice, sorghum 
varieties — and wild and cultivated grasses. A few other economic plants 
are also affected by smuts — for example, the onion, spinach and sunflower. 
The agricultural importance of the smut diseases is due (1) to tlj^e exten- 
sive and worldwide cullivation of the cereals; and i2) to the fact that the 
parts most frequently destroyed by the smuts are either the grains or the 
entire inflorescence, thus causing either ‘^kerneT’ or ^^loose smut,'^ 
although less frequently the foliage may be invaded, with the production 
of '‘liag smut.” As a result of smut, heavy losses of cereal crops are 
experienced with marked reduction in yields and with a product of 
lowered quality. 

General Characters.- “Th(> smut fungi cause either systemic or 
localized infection, that is, the mycelium of a smut pa^hogene may grow 
throughout the tissues? of the plant from the seedling stage to maturity, or 
the mycelium may be localized in certain aerial parts. The characteristic 
feat.ures of the order are: (1) the formation of single or grouped resting 
spores (chlamydospores), which generally accumulate in black powdery 
masses or son; (2) the germination of the resting spores to form either a 
prornyrelium (indirect germination), or an infection thread or hypha 
Mirect germination); and (3) the budding of the secondary spores, or 
sporidia, in either soil moisture or nutrient solutiorS to form either 
yeast-like fomis or secondary sporidia of a different typie. In a few cases 
conidia are formed on the surface of affected parts, but this method of 
reproduction is uncommon (e.g., Entyloma spp.). 

In the indirect germination of the resting spores two types of promy- 
relia are formed: (1) a two- to four-septate hypha with elUpticaTor oval, 
uninuclear sporidia^ or secondary spores, which bud out from the distal 
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end of each cell (Ustilago type) ; or (2) a long or short continuous Jiyl3ha 
which produces a crown or whorl of sporidia, or secondary spores, from its 
free end (Tilletia type). The sporidla may germinate to produce an 
infection thread or hypha which may infect the host, or these sporidia 
may bud indefinitely in nutrient solutions, and the buds give rise to 
infection hyph® when conditions are favorable. In general, smut spores 
provided with a nutrient solution will make a much more copious growth 
than when germination occurs in soil moisture Fusion of sporidia or 
hyph® is fairly common in the smut fungi. In the direct germination, a 
resting spore forms a simple septate hypha, which may penetrate the host 
at once and establish an infection, or in a nutrient solution a much 
branched, septate mycelium may be formed. 



T'ig 207 \'^ariou 3 types of smut Bpores 4 siaglp-r ellod spores smooth and with 
\anous wali markings, B, senes of spores from two to many celled Stippled cells are 
fertile others stenlc. 

T 3 rpes of Infection. Although the smuts show striking similarities in 
symptom>s and effects, they exhibit impiortant d^ffe^ence^ in the time and 
manner of infection Three important types may lie illustrated by the 
smuts of our cultivated crops. 

1 Seedling Infeciion In thi^ group of •^muts, mfectioii can take place 
only dunng the young or seedling stage» from spores that were either 
carried on the seed or were present m the soil or in loose smut of oats from 
mycelium that infected the glumes at lloweinig time In seedling infec- 
tion the addition of smut spvires to the soil aftei seed germination has 
taken place will cause no infection, but if viable spores are present in the 
seed bed at seeding thru*, infection may result if moisture and temperature 
conditions are favorable. The bunt or stinking smut of wh<^at, the loose 
and covered smuts of oats, the covered smut of barle> kernel smut of 
'sorghum and milk^i smut illustrate seedhng infection fiom seed-borne 
spores. Soil contamination may result from vnndrblown smut, as illus- 
trated by the "'smut showers'^ of the Inland Empire of the Pacific North- 
west and some other similar sections, or it may be residual^ that is, the 
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;^poreM may originate from a smutty crop grown on the same ground the 
previous year or even at an earlier time. Itesidual soil contamination 
IS an important feature of flag smut of wheat, onion smut and head smut 
of corn and sorghum. In seedling infection the infection threads which 
onginated from either primary or secondary sporidia enter the young 
st^edling, reach the growing point and then keep pace with the growth of 
the host tissues until the heads are formed, when the charactenstic smut 
masses appear. 

2. Blofisotn infiriion — In this type, which is illustrated by the 
loose smuts of wheat and barley, the infection takes place at blossoming 
time. The sinut spores from smutted heads, which reach maturity about 
the ‘lime normal lieads are in blossom, are blown b> the wind, and by the 
direct method of g(‘rminalioii infect young ovaries of n(»rmal heads, and 
produce an internal inycehum which is developt'd within the seed. VVhen 
germination processes are starte<l the mycelium keeps pace with the 
growing points of t!ve ycuing seedling, but docs not reveal its presence 
until the heads are formed, when the spores are organized and matured 
In this tyi^ the fungus is not earri(‘<l over the winter in the form of spores 
lodged on the suriticc (»f the seed, but exists in the ‘‘germ,'’ or embryo of 
the seed, as a vegetative inye(‘hum, ready to resume activity with the 
awakening s<s‘(l It should he noted that infeetion takes plaee previous 
to the harvesting of th<‘ erop, and that infected seed, that is, sg^d in 
which an internal smut inyeeliuiu has been f(»rme*l, if planted (he next 
season, will produce' iilanis afleeted with the loose smut. 

1^ Shoot lnf(‘<’hon In this maniK'r of inh'ction, which is illustrated 
hy the common smut of corn, infc'ctam Is localized in various aerial parts, 
that is, tlu'H' Is no •-ystciine inh't'tion as in the' two oth(‘r types Spores 
may germinale on stalks »)r fk»wer parts, and foiin inh'Otion threads 

winch enti'r the host tissue* and osiabliNh a myce'lium. As a result e)f these 
leical inh'etions small en- large smut masses or se>ri iiiay he developed freim 
tlA' purely ie)cal mycelium, l)Ut tht*re is ne* general sj)read e)(.the myi'eliiim 
within tlu' host tissue' Ireim an e>nginal center e>f infect ie>n H^aeh smut 
^orus e)r smut heal that apfX'ar." repn'se'nts h se'parate rih'etmn In .shoot 
mfeetie)n the* primary or se**onelarv spoiidia are* earned by the wind te> the 
parts which t h(‘y infe‘e( , ami they may be* resielmd in origin or the smut 
may be bre)Ught inte) the field from soim* other source 

1'he smuts are greiiijx'd in t we» families, which are characterized mainly 
hy the method of germination and by the* form of the promvcelium. 

I Tsi ILA(»IXA.('K.« 

(lennination is by means of a septate promyc(*lium with lateral and 
terminal spe^ndia or by a septate* iidVctioii thread which docH not form 
spondia. Son generally lorin naked* en* cov(*r(*d, (‘Xposc^d, dusty or 
agglutinated inas8e», but in a few easels the spon*v! may buried within 
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the host tissue. The spores are continuous, two-celled or united in spwre 
balls or groups. The principal genera of econonfic importance will be 
Hiicfly characterized. 

Ustilago,- Sori naked or without an enclosing membrane, and making 
Liack, dusty masses at maturity. Spores single, more or less globular, 
light to dark brown, smuotli, finely verrucose or spiny, (ierminiition 
direct or more frequently indirect. 

Sphacelotheca. — Sori generally in the inflorescence, replacing lht‘ 
isernels, with external false immibrane of fungous tissue and a central 
sterile mass of fungous tissue, a c(»lumella. Spores single, re<ldish brown, 
sin(K)th. 

Sorosporium. - Sori generally dusty, without enclosing rneinbranw 
SfHires held in balls or groups l)y a mucilaginous matrix when young, but 
separating, or only loosely held together at maturity, 

il. Tilletjac'K.k 

Germinal ion is by a long or short, noii-sej)‘ ate promycolium whicli 
forms an apical whorl os elongated or filiform sporidia. Thi^se sporidia 
may fuse in pairs or not and either f<>rm infection threads dinafl or jiro- 
(lu(*e secondary sporidia which are either similai’ oi dishimilar. The son 
are eith(*r dusty and ex[)os<*d or permaruuitly einliedded in (lie liosi 
(issues Idle spores are nearly hyalin(‘, liglit blown or dark lirowii, 
single, with or without iiyaIiiK‘ appendages anti either 'dusty or not. 
n^adily separating, or in gnuifis or balls, (lie tadN of tlu' latter all fertile 
or with lM>th fertile and sterile ctdis 'riu‘ principal gt luu’a furnishing 
pathogem^s of economic importance will bt* bnt'fly dt^scribed. 

Tilletia. Son generally m tht' inH<»n‘se(‘nce r<‘plaeing the kernels 
with “smut bt'rries” tu' “smut balls,” whicli are dusty wluui crushed 
S[H)res single and simxith. spii«y or nUiculalt' Sporidia filiform, gtmei 
ally fusing m 11 -shaped pairs. 

Urocystis- hon usually m leaves oi sUaus, forming dusty erumiHuii 
spore masses. 'I«fie sjiores art' taunpound, consist mg of t*ne l(» s(‘verai 
dark, central ftTtile cells, surroumled by lighter-colored sterik* cells 
Promycelium with terminal fascick' of spniidia or forming hyphie direct 
instead of sptuadia. 

Entyloma. Son generally in the k*aves forming discolored sf>o(s, 
frequently light in color, heiua* the coinioon nam(‘ “white smuts “ Aerial 
conidia may he foriiK'd on ihe .surfae(M»f tht' spots, giving a wliiti* jniwdery 
.‘ip|M\‘iran(c. Th<^ true .shiiit spores are jx'rinanently eml>edde(l in (lie 
liost tissue, single, hyaline or pale yellow to brownish, Ihick-wadled, and 
frecjuently gorininat(‘ tn .sv///. 
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BUNT OR STINKING SMUT OF WHEAT 

Tilletia iritici (Bjerk.) Wint. and T. levis Kiihn 

This is a systemic disease of wheat wliich is due to seedling infection 
at the time of germination, but the injury docs not become evident 
mi1.il the affected plants are in head, when the normal graips will be found 
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to be ropl:i«*ed by grains filled with a black powdery material, thd smut 
dust or spores It causes loss from reduction in both yield and quality. 

The coxiirnoii name “bunt” is probably of English origin. It is 
supposed that affected heads were first designated as “burnt ears,” with 
a later dialectic contraction to “bunt ear” and finally to “bunt.” It is 
the pronounced odor of sour herring, produced by volatile substances 
given off from the smut, masses, which has suggested the appropriate 
name (if “stinking smut ” There are two kinds of bunt, the smooth- 
spored form {Tilleiia levia) being called “high smut,” since the culms of 
affeettd plants an' more often as high as those of normal plants, while in 
the rough-stx>red species (T. tnhai), or “low smut,” the culms of affected 
plants are frequently shorter than normal culms 

History. Hunt or .stinking suiut of ivheat ^^a8 probably known in ancient times, 
bifi there wa.s no word to cxprchs it in the language of either Greece or Italy It wa^ 
probably included luuler the general term of mildew or blight. Pliny speaks of the 
blasting of com “which eonieth of some distemper of the air/' while Bacoriisays, 
“ Mildew lallet h ui>on corn and siiiutteth it." Stmkiiig smut of wheat was apparent l\ 
the first Hiiiut to attract attention and in 1733 Tull wrote “Sinuttineas is when the 
grams of wlieat m^ti ad of flour, are full of a black stinking powder.“ In 1755 Tibet 
noted the difleicnce between la canej or stinking smut, and Jp cliarhfm, or loose smut 
Vs late as 1775 Bjf rkandcr classified stinking smut as Lycoperdon, since the smut dust 
was supposed to resemble the spores of puff balls and w'as surrounded by a membrane 
i bought to be similar to the pehdium The belief that smut was a fungus was not 
generally acceptedat that time, and Tessier, in 1783, considcnHi it as a degeneration of 
the gram and not the result of a parasite. This view that the smut spores wert' 
morbid tniptions of vegetable matter persistc^d for a long time, and various other 
notions wM*rc prevalent Some even considered the smut an indication of an offended 
J Vit V 1 1 IS interesting to note that many erroncKius notions have persisted even down 

t> the present tune among the uneducated farming population, since joint worms, 
jHuson, unfavorable weather conditions, etc. are proclaimed as the causa! agents 
In 1807 ]^ievc»8t discovered that ^mut spores germinated in water and so were of the 
nature of bingi These observations were confirmed by other observi^rs and our 
knowledge was further extvndeil by Tulasne in 1S54 A few years later Kuhn pro- 
duced artificial infections and followed the penetration of infwtion threads into yoimg 
sei'dlingM, w'hilc ^rcfeld in 1883 gave more complete details of spore germination 
t'spccmlK m nutnent solutions During following years the contributions on wIu hi 
-niut b^'v 'line inorr nuinerou.s and we now' have a voluminous literature from wntt'r 
m (.sno-is parts of the world I>unng later years the emphasis has been placed u|H)n 
se* d dismti'rtion as a nu'am of control, as witnessed bv numerous bulletins, and but few 
•idvances have been made coiiceining other phases of the subject The ndation of time 
of seeding and temperature tr> the per cent ,>f ^niut in a crop was first dcftnitclv shown 
1)' the work of Muncrati in H*1 1 and was confirmed b\ the work of Hoald and Wool 
man published m 19K5 • That sc*ed injure’ from bluestone tn‘atment8 is greath 
incrf^ased bv the cracking of grain in threshing w'as noted bv (ierman workers a.s (‘arh 
as 1872, but was again brought to our atttmtion in 1914 by Wo^liiian. The failure 
of standard seed treatments to give control of bunt in the Pacific Northwt^st wsn 
shown b\ the researches of Heald and George to l>e due to the widespn^ad wind 
dissemination of the spores, causing a j?eneral eontanuiiatioii of the suiiimer fallou 
previous to seeding tune Previous to 1921 there had lieen no definite data availabb* 
coucemiiig the relation of the spore kiad'of individual grains to the per cent of smut 
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appearing m the crop, but this mformation 1ms been made available, iO that it is 
now poasibl*‘ to make a mferoseopic exammation of a \\heat sample and predict the 
ap]»ro\iniate ainounl of ^mut which rnav he expect^ 1 under cert am conditions if see<i 
(liHinfection is not practiced 

Ircatinciit of seed with copper sulphate to prevent bunt was first rcHSorded bv 
Schulthess m 17bl, but Kuhn m IHhG was the ‘‘fiisl to invi^tigate rarelullv the effect 
ol (oppei sulphate on bunt spores as well as ujMjii the sec'd and to recommend a definite 
fonnulu ’ Although the hot-watei treatment ol Jensen flShS) was shown to lx 
effective, and a few' other chemnal tic itments weic reeoninifndc cl, copper auiphate in 
sonic form continued to be the predoininating sc(‘d dibiiife» tant until tht introduction 
of fomialdeh} de This was 8uggestc*d by lb ulher in ISO") and soon c ame into gencnil 
use in the United States following the public ition of the work of Bollev m 1897 
hoiinaldeh> largel\ replaced the use of blu(‘ston( , c^vceot m tcMtain regions, like tin 
Pavihc Northwest, where its use was eonlimied because gre .ttei efficien(> in pre 
venting bunt due to a soil t out iiniu«i turn lioth blue stone ioui forinaldc In do, while 
c‘ffective, proved un8atisfactor\ lx c ause of seed ‘njur\ , t be latte r e^spex lallv in th<' scum 
and regions The use of copper carbonate in dust toiin v\ab first Tec*ornniend(‘d b\ 
Darnell-Smiih in Australia in 1917 and its use in Ameuiia le i eM\ ed apexual inipetu" 
from the work of Mackie* and Hnggs in California anti Ifeald and hinith in V\ ashingt.on 
I’hc fa^o^able lesuita whnh have gcmraU\ atte nde‘d the* use of t opper-e arlxMialt 
dust have resulted m a ver\ geiicial adoption of tins tieatrncnt 

During reccuit \c*ars some e mphasi*. has bteui pb^^id or the use of certain orgaiin 
UK n ury eompcnuids, sueli as i Idoiopind, uspulun unl geriinsTu, as stexps because ol 
the ehinination eff sex‘d imurN ind Km ause of the ir stimulating e'fleet upe>n germination 
ind growth The' ia\oral)l< nxcption ot tlx eopjKi taibonate dust treatment ha* 
lid to the inanufae ture ol oigiunc meieun (ompourds smh as sexxl-o-saii, semesai 
ind hH\ei h dust, foi um as dusts I spulun and otbci organie meieurt eornpounds 
have beexv moie gemiallv used in (ictmanv than in the I niTexl ‘States 

Geographic Distribution. The' stinking smuts ot w he'at arc* prevalent in gre'atei 
or Ics-* extent in e\ei\ exiuntiv where that cc'rca! is grown Since the perfection and 
intiociuction of roeognirexl me'thoda of effe(]rfi\t sex li disintc'e tiori it has not producxxl 
such heaw loss ('xiept lu certain se'ctious like \ustialia or the Pacdu Northwest 
In t lx* latter sextion, how eve i see d disinlt e tion has not been e hc'etn'e tor winter wheat 
Ihint IS rathe i uixominoi in the w aimei seetious w lu le w lu at is greiwii fe>r example 
III the se>utlu*rn I nite el State s or in the east, center uid seiuth of India 1 ts oeeurrenee 
is mou \ inable in the slate s ol tiu ee nti il Missisaippi \ «dh v , where it mm\ be rare* cm<' 
'Snvson .ind epiphvlotic another in wintei \vh(*at Epi[)h\ totx s have bexm ^*spe‘cialh 
(xUed in Ne 1)1 iska and Kansas due piesiimnblv to the* abnormalfv low lempcratuie *“ 
vhich prevailed it the tune ol si 4‘diiig giving opt mium e-onelitiems tor infec tion while 
m avc'rxgc' seasons lu those localities the prev iilmg temperatures are texv high foi 
lu'ivv infex'tions to take j)l,iee 

'I'he rough-*>poiesl smut {I'llUtui tiihn) is the jmc valent tvum in the Pacific North 
West and otlx'r wheat sex-lions west ol the Jtockies, but the* smooth-8|)o red speciea is 
not urx'ominon, having Ix'en mtioduced sinee PUb The rough-sport*d smut is not 
line onimoi) m some of the e*astorn state's, although it is rarelv found there aa the 
prevailing form, the smcKith-apored species (T lens) gcifcialh predominating 

Bunt has continued to be a senou« problem in the Parihe Northwest because of the 
]x’( uhar combmt^tion ot climatic factors and farnung practices The important 
eontnbuting featun's aie (1) the* vtr\ geimral svstein of summer fallow for wintei 
wheat; (2) the e»\ceptionaII\ drv summers with little or no ruin m July and August, 
(J) the progressive inaturing ol the wiieat from the western or southwestern |>orti(in 
of the wheat area to the eastern (xirtion; (4) the strong and prevailing winds w'hich 
sweep from the regions of earl\ harvest to the regions «f late harvest; (o) the general 
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and wide8prt».ad dtSBemmation of thr snuit s|K>rf»h (smut Khowrr) Iroiu the 
threshing operations, resulting m a heaw a^ul eontanui^tion of the summer-fallow 
M-ed beds; and ((>) the moderate temperaiureH wlueh prevail at the tune when the most 
the fields of winter wheat are seeded 

Symptoms and Effects. — Bunt of wheal does not become evident 
111 a crop anti) the wheat is \n head, since it is only the inflorescence that 
>hows the pronounced deviation from normal. A microscopic examina- 
Uon a few days prior to the emergence of the head from the boot shows, 
however, striking differences in normal and smutted florets The pistils 
iroin smutted heads are larger with an ovary double the length of a 
normal healthy ovary and green instead of almost white Tjie stamens 
from smutted heads are reduced in length and breadth, the anthers are 
ptde yellow instead of green, much reduced in size and without perfectly 
ortranized pollen cells. 

\fter the emergence of the heads the presence rif smut can be easily 
detected, since it causes cetain deviations from the normal in the form 
of the infected heads This is soon evident m the compaetum ” vafie- 
t ies, such as Little Club, Hybrid 128 and others, since the m /finally com- 
pact or square heads are generally changed to a more slender tj^pe and 
may in some varieties exceed the healthy heads in length. In the 
“vulgare^^ typies the deviation from normal is less striking, and does not 
l)ecomo evident until the smutted berries begin to expand and so cause a 
divergence of the glumes and thus give the head a more loose or open 
appearance. It is generally true (bat smutted heads previous to maturity 
exhibit a darker green color than normal heads, and also remain green 
longer. This condition is especially noticeable in such varieties as Wintei 
Fife and Bluestem. When the wheat is in the ‘'dough'' stage, a verifica- 
tion of the presence of smut may be easily made by pinching the grains 
with the thumb and forefinger, the smutted grains showing at this time 
that they are filled with a soft, black, pasty mass In mature grain the 
same method may be necessary in examining 'Wulgare” types when 
accurate quantitjitive counts of smutted heads are being made. At this 
time the black, pasty ipterior has changed to an oily powder, the character- 
istic smut mass. In some varieties the infee'ted heads stand erect, 
when normal ones are beginning to droop as a resuK of the increasing 
weight of the ripening grain In b«nirded varieties, smutting frequently 
causes a shedding of the awns with the approach of maturity. The 
presence of smut in a field can frequently he detected by the characteristi/j 
odor, similar to that of spur herring 

Since this disease is caused by an internal parasite, it is natural to 
expect certain responses to its presence. It should be railed first that 
the smut fungus is living at the expense of its host plant, the wheat. Its 
effect on the host may lie summarized as follows: (1) the consumption 
of food; (2) the destruction of seed* in the sporulating process; (3) the 
stimulating or retarding effect on normal physiological processes. 
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*Radly amutted plants remain in many cases undersize and produce 
smaller heads than normal plants with increased tillering. The effect is 
the same on both species but is less pronounced on T, levis. Observa- 
tions and expieriments lead to the belief that stools may harbor the smut 
fungus, when no smut develops in the heads. In such cases the mycelium, 



1 K J()8 '-Smutted and normal heads of Jones Winter Fife and Hybrid 129. Note the 
mnrkiHl r hnniso of form of the smutted head of the club wheat. 


oi veKotative body of the fungus, fails for some reason to reach the heads 
! hi-* ha8 bf‘eri called invisible or “latent'* infection (Gieseke, 1929, 
/adc, 1931), in contrast with normal or “open” infection, and as reportt^d 
results in shortening of the culms and in reduced yield over uninfected 
controls. This behavior is substantiated by the observations that 
infection takes place with equal facility in both resistant and susceptible 
varieties, the further advance of the parasite being dependent upon the 
degree of susceptibility fW<Kilman, 1930). The condition might 
expressed in this way: In a young infected seedling there is a race lietween 



DISEASES DUE TO SMUT FUSQI 721 

the 8inut fungus and the growing points of the flowering shoots in the^ 
upward gro^rth. In some cases the fungus falls behind and never enters 
the heads, while in others it reaches its goal and penetrates the ovaries. 

The inost evident injury from wheat smut is due to the destruction 
of the grain or berry in the production of spores. The smut fungus 
enters the young ovary and uses up the food that is ordinarily accumulated 
and at the same time destroys the embryo, so that a fully smutted grain 
consists of only the bnmn outer seed layer (pericarp) enclosing the mass 
of smut spores. 

A plant may [yo wliolly or partially smutted, that is, all heads pro- 
duced by a given stool may be smutted or only part of them may be 
invaded. The completeness of smutting varies with the different varie- 
ties and with the same variety fluctuates to some extent, apparently being 
influenced by the conditions which prevail during development. In 
general, the more resistant the variety the greater the number of partially 
smutted plants and partially smutte<l heads. A smutted plant frequently 
produces heads which are only partially smutted, that is, some grains 
may be normal, while others are infected. The normal grains may bi‘ 
variously distributed, t>earing no definite relation to position Partially 
smutted grains are sometimes^ very common and the degree of smutting 
varies from those which show a minute black S|)eck to those in which 
nearly' the entire grain is involved. Heads have been found which 
showed only a single partially smutted berry,'* all the others being unin- 
fected. The question is naturally suggested at this fxnnt a.s to whether 
there may not be an invisible infection, since there are all degrees of visible 
infection. The production of partially smutted berries is much more 
common in some fields than in others, and suggests a pf>ssible explanation 
for some of the ineffective results of seed treatment, but up to the present 
all attempts to germinate paitially smutted berries have failed. 

Losses from Bunt. - This is one of (he most serious diseases of wheat, 
since it caus(‘s a complete destruction of the affected lierries or grains, th^ 
agricultural pn^luct of the crop. The injury or financial loss to be 
charged to the bunt account is fourfold: (1) increased cost of production 
due to seed treatment, s()il sanitation and cultural practices designed to 
reduce infection; the reduction in yield per acre; (3) the lowering of 
grade or quality; and (4) the losses fnun separator and grain fires caused 
by smut explosions. 

Seed treatment involves much extra labor, the use of enormous quanti- 
ties of fungicides, the u5e of an increased amount of seed ptT acre due (/) 
reduced germination of treated seed and occasional complete failures, 
with the necessity of reseeding due to the killing effe^^t of fungicides 
employed. The most pronounced seed injury has occurred in the dry 
sections where formaldehyde-treated wheat has been seeded in the dust, 
but the injury has been more constant in the regions which have retained 
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V the bluestone treatments. This will bo still further discussed under Seed 
Treatment as a method of cf)ntr()L 

The amount of smut in a field or the per cent of smutted heads ia 
generally taken as an index of the reduction in yield or loss from the dis- 
ease, that is, with 10 per cent of all heads smutted, the loss would be est/ 
mated at 10 per cent. It seems probable, however, that the reduction in 
yield is not quite equal to the pf‘r cent indicated by the smutted heads, 
since smutted plants are generally weaker than the adjacent healthy 
plants, which consequently stool more heavily and tend to occupy the 
space. With higher per cents of smut the loss or reduction in yield is 
more nearly equal to the per cent of smutted heads, but it seems probable 
that theie is little actual reduction in yield when the per cent of smutted 
heads is five or less. In regions in which soil contamination is not a 
factor, there should be no smut, or only traces if some standard seed 
treatment is prseticed. 'The heavy smutting occurs either when there is 
no seed treatment or where there is a soil contamination. The maximum 
amount of smut recorded for a farm field in some extensive surveys of the 
Inland lOmpire was 88 per cent. In this case the seed had not been 
treated. Throughout the Pacific Northwest where summer fallow is the 
regular practice it is not uncommon to find 20 to 30 per cent of smutted 
heads in fields of winter wheat which have been seeded with carefully 
treated grain. It may be noted that seed of a susceptible variety which 
has been artificially coated with smut powder, so that it is carrying its 
maximum load of spores, when planted under the most favorable condi- 
tions will frequently produce 90 to 99 per cent of smutted heads. 

hen gram from a smutty field is threshed, many of the smut ball- 
break and the black spore jiowder is distributed over the surface of the 
normal grains, lodging especially in the '‘brush” or tuft of hairs opposite 
the germ end. Grain from badly smutted fields is therefore conspicu- 
ously blackened and its value for milling purposes is correspondingly 
lessened, since special scouring machinery must be used to clean it. 
Conspicuously smutted wheat is also les,s desirable for fe^d, especially for 
poultry, hogs and sheep, since it is reputed to induce digestive disturb- 
ances. The lowering m quality is not always protwirtional to the 
amount of smut in the field, .since maturity and inoi.'^lure at the time of 
cutting and threshing, as well as the variety, affect the breaking of the 
smut balls The farmer who produces .smutty grain suffers a dockage in 
price in accordance with the amount of smut, and it is specified by the 
U. S. Grain Standards Act that smutty wheat rnu-it be so designated when 
offered on the market. 

When smutty wheat is threshed, explosions and fires may result from 
the formation of an explosive mixture of dust and air which is ignited by 
Static electricity developed during the threshing operations. Explosions 
are favored by extremely dry conditions, which increase the quantity of 
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dust produced from both smut and straw. Smut fijes and explosions aV 
most frequent* in the arid or semiarid regions of the Pacific Northwest^ 
although they have been of occasional occurrence in regions east of the 
Rocky Mountains. The losses from smut explosions are due to damage 
to separators and to grain fires. The damage to separators varies from 
slight to total destruction. In the investigations reported by the U. &. 
Department of Agriculture for the Pacific Northwest, the average per- 
centage of smut in 108 explosions was 15. It was also shown that in 146 
explosions and fires nearly 30 per cent of the separators were a complete 
loss. Added losses are due in many cases to the fact that the flaiues 
spread into the straw pile and ranks of sacked grain and also to the 
unthreshed grain in the field. These losses are, however, being reducetf 
as a result of safety devices to prevei.t explosions or to extinguish fires. 

Etiology. — Bunt of wheat is due to either Tilktta triiin (Bjerk.) Win!,, 
the rough-spored smut, or to T. lens Kiihn (fcotans)^ the sinooth-spore<l 
smut, two very closely related sfK*cies of the I'iHeliaceje having nearly ah 
identical life history. The spores of T. tntici are spherical or nearly so, 
15 to 20/i, occasionally obhmg to })ear shaped, reaching a maximum 
length of 22 m. I'he epispore is marked with ridges which form a network 
with meshes, variabh* in size and shai)e, generally 3 to 4 m \^ide. The 
s[x>res of T lens are globose to elliptic, occasionally somewhat angular, 
very variable in form and size 16 to 18 m 19 to 25 by 16 to 17m J^nd 

have a smooth ejiispore. 

3'he first jiroof of the infective character of the smut dust was olTen^il 
by I'illet in 1755, by sowing clean and artificially smutted seed in adjacent 
rows, although he dal not at that lime n»cognize smut ns either a parasite 
or a fungus. 14ie rough -sponnl smut was first named Lifvopenhn trittn in 
1 775 by Hjerkander, and TtlMir, ra) les by Tulasne in 1847. The srnoot h- 
sfKired s|)ccies was first named T. fa tans by Berkeley m 1860, but no 
description was published until that of Kiihn in 1873, when the pres(‘iit 
name, T. Zeros, wa.^givfui. 

Infections of bunt occur only during the young or seedling stagt^ 
under normal field conditions. Artificial infections of plants may be 
made previous to flowering, liy applying the inoculum to culms broken 
off near the bas(‘ (Milan, 1928) by hypodermic inject i<)ns and by inserti’^g 
the inoculum inside the leaf sheath with a transfer needle (Bodinc and 
Durrell, 1930). AVhen living spores are introduced into the soil along ^ 
with the seed wheat or exvt in the soil in which wheat is planted, smut 
will appear in the crop if proper c.mditmns liavc prevailed during the 
germination period. The smut spore germinates by the prq<luction of a 
hypha-like growdh, the promyreliam, which produces at its free end a 
fascicle of four to 12 long, narrow, curved spf)res or sporifNo frequently 
united into H-shaped pairs. Infectimi threads may arise from these 
»poridia, or secondarv aicklf^shaped sporidia may bo formed which later 



^724 


MANUAL OP PLANT DISEASES 


develop infection threads. Under favorable conditions one or more 
infection threads (there is evidence of multiple infection) penetrate the 
younK seedling and reach the growing point of the shoot. Here the 
fungous threads or hyphae keep pace with the growth of the host, but 
give little or no external evidence of their presence until the production of 
heads, when they enter the ovaries and begin the development of the 
spores which reach maturity at or slightly before harvest time. The 



1 Ui 2<l*> \ .irtouff **» th» sforrnin tum of s|M»ri»8 ot sfinkiiiK inmt [TUhtm tntin) 

j fiitrfur c HiinHiiitc ( )iur u l(*ri8ti( reticulata iidKeH /> c sttiRes in tfic foiiiintion of tl > 

,r c (t OMlur* proriryc i liuui with tt rniin ij f t*4c i< le of H-Mhapod spondi i t 

I I uatcii 8(>ondnifii whi' h haa jcertiiiiiRtocI to form iHcondary iponclia / a separated 
H|K ti lion V *»u h ii IS HAf to un iiifec tiou tVirtuul (m), several aceondarv spondia whirl 

I ae started io freriiun/itc nn«i Hum* produrtd infection threads 

^K-'neral plan of ♦he life history as outlined is typical of (he various smut 
FfUKries m which .i Hee»ihnq utfertion occurs 

*lhe smut ‘ balls' or “ berries produced by infected plants vary 
m Hiix' and eaf h one contains from six to nine million speres During the 
iu a certain per cent of these smut balls will break and 

thy smut I'M 1 irned out through the stacker, or many will 

lodge upt^n the a\irfaoc < f I'^rmal grams the groove, or suture, and the 
inurh ur tuft of hAirs at ’ihe terminal end, ^rving as resting places for 




"DISEASES DUB TO SMUT FUNGI 


725 ^ 

large numbers. Normal wheat grains from an infect^ field may hayc 
so many spores lodged on their surfaces as to give them a dark cWor, 
but other grains which show no smut to the naked eye may still be carry- 
ing a sufficient number of spores to produce a smutty crop. Smutted 
wheat may also contain unbroken smut balls and partially smutted 
grains, which are an added source of danger Experimental tests show 
that there is but little danger that the smut balls that have passed through 
the threshing machine without breaking will rupture during treating and 
seeding, especially in moderately smutted wheat. The idea that the 
unbroken smut balls are a source of danger has been based more on theoiy 
than on practice. Seed from smut-free fields, if obtained from regions 
in which a smut shower occurs, may be carrying smut which was blown^ 
onto the standing grain or lodged on the shocks after cutting. 

Even if smut-frt'e seed is used, there are two other pos.sible sources of 
inaction: first, from soil contamination from a previous smutty crop on 
the same ground; second, soil contamination from wind-blown spores. 
If wheat follows wheat and the first crop was smutted, large numbers of 
smut heads left in the field may be a source of danger PVee smut dust 
in the moist soil will lose its infective properties after 50 to 60 days (3 to 4 
weeks according to Bonne, 1931) and will not survive winter tempera- 
tures, but spores in heads or unbroken balls may retain their virulence 
and viability for a year or more under field conditions. The wind-blown 
smut is, however, the most important source of soil contamination, 
especially in regions in which summer fallow is practiced. In the Palouse 
country the ‘^smut shower’' begins in August, reaches its maximum 
about the middle of September and then gradually subsides, but the 
total spore fall frequently amounts to enough to make an average of 
over five million spores for each square foot of exposed summer fallow. 
Seedings m summer fallow' in this region just preceding, during or imme- 
diately after the climax of the sjHire fall, are likely to be heavily smutted 
even though clean or carefully treated seed is employed. 

Predisposing Factors. - The amount of smut pr(»(luc(‘d by a given 
seeding will, of course, dejxmd up(ui the sjiore load, that is, upon the 
average number of spores carried by each grain of wheat and U|>on its 
viability, but the most important environmental factors are the amount 
of moisture in the sv>il and the temperature during the period of germina- 
tion The minimum percentage of sm it is produc(‘d in very dry soil, 
the maximum in a soil with moderate moisture, but infection is reduced, 
by seeding in a very wet s^lul (Hungerford, 1922; Caspar, 1926; Rabien, 
1927) This behavior will explain some results of farm (experience. The 
(U‘ficiency of oxygen inhibits spor(‘ germination in a very wtt soil. 

The tune of sowing, for instance, exercises a great influence upon the Streng^th 
of attack Numerous experiments and o^iservations have bei*n published, and 
the general result is that the temperature at which the germination of Wie Spole 
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and gram takes place ia the most importanl factor The wheat must, therefore, 
gefminate faster than the sjwre, in order to evade attack This may be possible 
with higher as well as lower temperatures, which thus demonstrate the fact that 
minimum, optimum and maximum temperature are different with respect to 
the wheat and the smut 

The following Centigrade temperatures for germination have been 
recorded 


Minimum 

Optiniiini 

Maxirnuni 



1 Smut 

Wheat 

Heust'r, W 

Woolman, 

Humphrey 

3 4 r> 

1 •'> 

0-1 

2r) 

!(► IS 

18-20 

ao 

2o 

25-29 1 


Slight mat ions in Ihehe figures have been reported by later w^orkers 
(Hahne, ITio, Habien, 1927 Bonne, 19dl), but not sufficient to alter 
the iM'havioi 

A last germination is iltogithei an ul\ oil igi in wheat Wlu n tlu wheat 
germinat(‘s .it very high t( inpei itiiies 20 to 2”) C it tlien appro iches 
the optiinum foi its germination while tlu spore lias ptssi^fl its optimum 
The wheat will thus giTiiiinati* latter than the spore, and his got a good 
start ahe.id ot the spou* at the time ol the inti'otion st ite (Heiifeei-ilolrn) 

It riiay b<* noted that some regions are except loiiailv fn^e from smut 
feast, eenlei and south India, southmn Russia, the Spok.ine \ alley in 
Washington), and it has been poiiueil out that this is due to the high soil 
temjxiiatines which prevail il the tinu of s(*cdiiig opi rations, thus 


insuring .i rapid 

‘•eriniiiat ion of tli< 

‘ wheat 

riie lesults obtained at 

l:^lllInan, Wash , 

in 191 1), :is shown 

in t 

h( 

following of pciiodn 

seedings of {.nefully treated 11} bud 

1 Id 

t>n 

‘-ununt I 1 dlow, are typical 

of the conditions 

in eastern Washingl 

lf»n 




ei- u C*- ' 



Pm 1 1 Kr 





1 

Vug U 

t) m 

Si pt 

2ft 

ao 98 

ViiR 24 

1 77 

Oit 

2 

41 14 

Sept 1 

12 85 

t)i( 

() 

It) 92 

•Si'pt H 

IS S5 

On 

10 

15 OS 

Sept 11 

14 22 

C>i t 

18 

11 19 

Sept 21 

as 07 

Oit 

30 

Wintii killed 


The low |r‘r v.eiit of smut in the early seeding was due to two factors: 
first, the relati\<*ly high sod teni|MTatures, second, the fact that the spore 
fall in Augu''( had not scmously contaminated the summer fallow. The 
rtHluctiop of smut during the lute seedings is explained by the gradual loss 
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of infective power of the smut spores and the unfavorable temperaUire j 
conditions. 

Physioloc;ic Strains. — The definite recognition of physiologic 
strains of bunt is a comparatively recent development. Previous to 1924 
when the first evidence of physiologic specialization was published 
(Paris), it was generally believed that physiologic strains of bunt did not 
e^ist. By the use of differential hosts Rodenhist'r and Stakman (1927) 
showed the existence of three forms of T. lens and two of T. tntia, 
using collections from Minnesota and several foreign countries. Reed 
(1928) by similar methods obtained four races of T. levin and six of 
r. tritici, Roemer (1928) showed that physiologic strains ^exist, but 
he did not attempt to determine the number represented by his colleg- 
tions. In his first report (1928) Gaines reported three strains of T. 
tritin and two of T. levis^ but in 1930 (Heald and Gaines) the number of 
T. levis strains had hi'en increased to four, making a total of seven strains. 
Reichert (1930), working in Palestine, obtained six different strains of 
T. iritici. The existence of numerous physiologic strains has now been 
definitely proved, one to several Ixang prevalent in a given locality. 
The appearance of new physiologic strains or their introduction from 
some other locality is the explanation for epidemics of bunt in varieties 
formerly thought to be very resistant, as, for example, the recent epidenac 
on Durum wheat in Minnesota (Holton, 1930, 1931). Up to date it 
has not l>een possible to sc'parate the strains by characters shown in 
artificial cultures but only by their reaction on selected differential hosts. 
Flor (1932) has been succes.«^fiil in hybridizing T. leris and T. tritici and 
also the various strains within the spt‘cic‘s, which lemls support to the 
btdief that new physiologic forms may apjKNir in nature at any time. 

It is of interest' to note that Bonne (1931) found I hat T. tritici from 
different varieties of the same origin showed equally as great differences 
in capacity to infect various varieties as did collections from different 
and widely separated localities. 1'he numerous physiole»gic strains^ 
certainly complicate the work of breeding for resistance. 

Host Relations. — 'Phe various species of IViticum have been tested 
for resistance and have been found to show wide variation among the 
species and also of the varieties within the sj)ecieft. They have varied 
from complete freedom from smut, possible immunity, to nearly 100 per 
cent of infection. Susceptibility is found within all the following: (Him- 
mon wheat {Tntivum vulgare)^ club or square-head wheat (7". coinpactum)^ 
poulard or Knglish whftat {T. turgidum), durum wheat (T. digram), 
Polish wheat {T. polonicum) , einkorn {T. monococcum), spelt (T npeUa) 
and emmer (T. dicoccum). Recently Gaines and Stevenson (1923) have 
reported T. tritici on winter rye and on rye-wheat hybrids which have all 
of the morphological characters of a true rye. Smut is of principal con- 
cern on the true wheats. The “compactum” types are generally very 
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.susceptible, the “vulgare” types variable, while durum wheat has been 
reported as hard to infect. Von Tubeuf suggested that resistance is 
correlated with the quick germination and rapid growth of the seedlings, 
ancl this varietal behavior has been studied by numerous workers, but 
there is little evidence that resistance can be explained in this way. 
Resistance does not appear to be connected with anatomical characters, 
but rather with chemical peculiarities of the host, showing different kinds 
composed of multiple factors in the various varieties, and definitely 
heritable. The most important work dealing with the susceptibility of 
wheat varieties has been carried out .in Germany, Australia and in the 
United States. Some very resistant varieties have been found in all 
countries and it is noteworthy that some of these would be entirely smut- 
free during certain years. Many reports on varietal susceptibility have 
been published, but these are largely invalidated by our recent discoveries 
of physiologic strains of smut. Under a given environment different 
varieties of true wheats will vary from immunity or high resistance to 
100 per cent infection. 

Seed of the same varieties from different sources when tested side by 
side and given equal opportunity to develop smut may show great varia- 
tion m the percentage of infection For example, seven strains of Turkey 
showed H 28 to 64 92, while six strains of Marquis varied from 18 39 
to 42.55 per cent of smut. 

In tests reported in 1925 (Tisdale, et al.), including a large number of 
varieties, Martin and Hussar were reported immune, but latei work 
(Heald and Gaines, 1930) has shown these varieti(‘S to be immune only 
to certain physiologic strains, but highly susceptible to others I'he 
same behavior has been shown for Albit, a promising new hybrid Ridit , 
a Florenee-4'urkey (Washington) hybrid, has shown i\ rather high degree 
of resistance, being immune to some strains and only moderately mfeete<l 
by others Some varieties of wheat appear to be highly susceptible to 
all of the physiologic strains of bunt for example, Hybrid 128 

Three type's of resistance (Games and Singleton, 1926) have l)een 
recognized (1) resi.stant when fall seeded but immune when spring sown 
(I’urkey); (2) resistance the same when seeded in either spring or fall; 
and (3) susceptibh* when fall seeded but highly resistant when spring 
seeded (Hope, Martin;. IIop<^ when fall seeded .showed a variation from 
10 to 78 p('r cent of smut when inoculated with seven physiologic strains 
hpt was entirely immune to the same physiologic strains when spring 
seeded (Heald and Gaines, 1930). 

Prevention or Control. -^In the past most emphasis has been placed 
on seed disinfe/*tion, but it must be evident that bunt will not be con- 
trolled by any single practice, but rather by the combined use of various 
methods. Consideration should be given to five different lines of attack 
aa follows: 
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1. Crop Rotation. — Wheat following wheat is very likely to be smutty 
because of contamination of the soil from smut pKbduced by a previous 
crop. Even with an intervening summer fallow, the smut from a 
previous crop may be a source of infection. The rotations must be 
suited to the conditions which prevail in the various sections. 

2. The Use of Clean Seed. — Under uniform conditions, the amount of 
smut produced will depend upon the spore load, that is, upon the average 
amount of smut carried by each grain. Wlieat that is visibly smutted 
may carry from 5000 to 263,000 smut spores per grain, and will produce a 
moderately or heavily smutted crop. Wheat that is visibly clean may 
carry up to 5000 smut spores per grain and may be expected U) yield to 
10 to 15 per cent of smut, according to variety and the spore load. It 
possible by a microscopic analysis to predict the approximate amount of 
smut which a given sample will produce under optimum conditions. 
Visibly smutty seed should not be used when it is possible to obtain smut- 
free or visibly clean seed. If wheal showing unbroken smut balls must be 
used for seed, it should be thoroughly cleaned to remove as many of tfic 
smut balls as possible. The advantage of cleaning the wheat is further 
emphasized by the fact that the small grains produce more smut than the 
large plump grains. 

3. Seed Disinfection . ~-^ed treatment should be practiced with some 
standard fungicide unless the spore load is below the danger point or 
seeding is carried out under conditions unfavorable for infection. It 
should give practically perfect protection except wliere there is a soil 
coiiiaminalion. The following fungicides have given effective control of 
seed-borne smut in farm practice: 

a. C3o))i)(*r sulphate or bliiestone, 1 pound to 5 to 10 gallons of water 
lor 5 to 10 minut(\s, with iiuiMiiium time lor th(' \\eakt*r strengtli (1-10 
formula^ Tlie addition of sail reeoiiuneiided by some workers does not 
increase llie effectiveness (Bodnar (t «/., 1030). 

Ik Bordeaux, I 4 10 or 8-S- 40 formula, for 10 to IT) minutes. 

r. Formaldehyde, 1 pint or })ound to 40 galloOvN of water (1-320) for 
10 minutes. 

d. Uspulun or geinusan, 0.23 per emt solution for 30 minutes. 

e. Uop^KT earlx>nal<* dust 2 to 3 ounces |Ha- binshel. 

/. Organic-mereury dusts (r f/ , e(U'esan) 2 0; 3 ounces per bushel. 
While the organie-imTeury preparations are elTeefive bofli in liquid and 
in du.st form, their higher cost hmits their use TIk' use of mercury dusts 
is forbidden in France beeau.se of tluar toxicity (o man (Arnaiul and 
Gaudineau, 1030). 

Recently 'the effect iven<iss of copper v>.\yehloride has hi^i\ emphasized 
(iPelit, 1928; Arnaud and (iaudineau, 1930). 

The stooping in the liquid fungicides will give the belter results by the 
open-tank or sack methods, than by the sprinkling mot hod ‘ The Wue* 
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9 sto^e and the copper carbonate treatments will ftive some protection 
agains't infection from' soil contaminations, but formaldehyde is of no 
value in such cases. Bluestone and formaldehyde treatments cause more 
or less reduction in germination. This may be greatly reduced by either 
presc^aking (10 minutes in water, followed by 6 to 12 hours in wet sacks) 
or by following the dipping with a milk of lime bath (1 pound lime to 
10 gallons of water for 5 minutes). Equally good results can be obtained 
by washing the formaldehyde-treated seed in water. Neither the copper- 
carbonate dust nor the organic mercury compounds cause any seed 
injury. It has been shown that most copper salts do not kill bunt spores 
in the stec^ping treatment, since the copper ions are only adsorbed, as is 
sl^own by subsequent germination if the copper is removed. Pos- 
sibly some failures of copper treatments may be due to the removal of the 
copper in the soil (Hollrung, 1925; Bodnar et aLy 1927, 1930). Copper 
ammonium sulphate kiUs the spores since the complex ion in this com- 
|x>und penetrates into their interior. 

The important advantages of the copper carbonate dust are as 
follows: (o) the elimination of the inconvenient and disagreeable soaking 
methods; (6) the convenience of being able to treat seed days or even 
months before it is needed for use; (r) the elimination of seed injury 
and retard<*d growth, with even an improvement in germination over the 
untreated seed; id) the elimination of danger from seeding in the dry or 
in the dust (the caus(^ of heavy loas(‘s with formaldehyde-treated seed); 
(e) increased yields due to no retarding influence of the fungicide, and 
better stands, with smut control equal to or bcdter than that obtained by 
the other methods. Copper-carbo|inate dust treatment is not always 
ecjually effective. Best results are obtained if the soil is only moderately 
moist during the germination [>eriod For this reason it is claimed to be 
unsatisfactoiy for regions having heavy rainfall (Volk, 1927). Under 
moist conditions copper carbonate-treated grain, if left in the drill, may 
^set and cause breakage when the drill is started (Leukel, 1930), Numer- 
ous typi's of .seed-treating machines are on the market for making the 
lujuid treatment, and dusting machines have lieen descril)ed by Heald 
and Smith (1922), Mackie an<l Briggs (1923), and others, and a number 
of companies are now pnulucing continuous rotary dusters. 

4. Cultural Prarturs . — The following demonstrated facts should be 
kept in mind: (a) Seceding in relatively dry soil gives less smut than 
s(*eding with abundant moisture; (b) de<‘p siH^ding causi^s more smut 
than shallow seeding; (c) early seeding either U*fore the smut shower or 
at least before the fall rams begin will give either a smut-free crop or a 
low piT cent (ff infection; (d) seeding during periods of relatively high 
temp(*rat arcs will reduce infection; (c) seceding of summer fallow during 
the first few weeks following ram will generally result in much smut ; 
(/) re[)lowing of summer fallow reduces the amount of smut when there 
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is a wind*borne source of contamination; (g) with clean treated s^ed o 
fall stubble. crop wiU show less smut than an ordinary summer fallow in- 
regions where smut showers occur; (h) late fall planting will tend to 
decrease the amount of smut; (i) separated spores (smut dust) never live 
through the winter period under normal conditions, hence wind-borne 
spores are of no consequence in spring varieties. 

5. Selection of Keisistani Varieties and Breeding for Smut Resistance , — 
First consideration in any environment must be given to varieties which 
will show high producing power. Some very susceptible varieties, for 
example. Hybrid 128 under eastern Washington conditions, may be more 
profitable than some more resistant varieties. Careful attention to the 
testing of varieties will probably show resistant high producers adapted 
to the various sections. The ultimate aim of the plant breeder is the 
production of immune varieties of high producing capacity and prime 
quality. This is a task of some magnitude, since smut -immune varieties 
adapted io one locality may be p^)orly suited to another and protection 
must be provided against various physiologic strains. At present the 
experience of the local experiment stations should guide the growers in 
the selection of varieties best suited to their environment. 
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LOOSE SMUT OF WHEAT 

Usitlago tniin (Pers ) Jens 

This smut, pecuhar to the wheat .plant, is characterized by the com- 
plete destruction of the spikelets of affected heads, which become tnins- 
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formed into black, powdery smut masses that are dissipated by tljjB rain 
and wind previous to harvest time. The commf>n name of loose smut 
will serve to distinguish the trouble from bunt or stinking smut, which is 
really a kernel smut, and the flag smut which form's the smut powder on 
the leaves and culms. In Australia the heads destroyed by loose smut 
are sometimes called ‘^snuffy ears^’ by the farmers. 

History and Geographic Distribution.- -Since the three common loose smuts of 
cereals, wheat, barley and oats, have a very similar external appearance, it was 
natural that early botanists should consider them identical. They were first known 
under the name Usiilago Megetum Bull., and the loose smut of wheat was named Uredo 
tritici in 1801, by Persoon. The name Ustilago was first applied to the loose smuts in 
1552 by Tragus. Ustilago carbo and Uredo carbo were also in use before the loose 
smuts were known to be distinct species. As late as 1889 Plowright considered all of 
the loose smuts under the name of Ustilago segeium. About tins time Jensen of 
Copenhagen (1888) was carrying out his work on the biology of thew' loose smuts and 
came to the conchi.sion that the two forms on barley which he called tecta and nuda 
were distinct, and hr tjhowod definitely that the loose snmt of wheat could not infect 
any of the other cereals. Even after the loose smuts of barley and wheat were shown 
to be distinct, they i\ere thoxight by some to be biological strains of a single species 

Ttic true nature of the loose smuts of barley and wheat was not understood until 
hom<‘ yc'ars later when Maddcix of Tasmania (1895-1897) pnaluced the first evidence 
of '*hlos.som or intrasemiiial infection.” A year later, according to llori, the results 
of Maddox were confirmed l^y Vamada (189()) and then by Nakagawn (1898), a 
Japanese worker, who made fivld inoculations, introducing the sfiores into the flowers 
of the wheat with a fofeeps, but no histological details oi the infection were worked out 
The work of these pioneers was largeh overlooked until the researches of Brefeld 
(1903) and Hi^ekc (1904) again deinonstraUHl the blossom infection in Iwth species, 
and substantiated this by histological studies sliowing the mycelium of the pathogene 
in the growing points 

Seed disinfection practices showed that the life history of tin loose smut of wheat 
was different from that of bunt or stinking smut. Plowright (1889) recorded Ui(‘ 
fact that the disinfection of A^hee+ seed with copper sulphate for bunt control, as 
practiced on every well-managed farm, had no effect on the loose smut. This was 
later explaintni by the intra.seinijial mycelium which was out of n\’ieh of the fiingicid(*s. 
and the modified hot-water treatment which wa.s devised by Jimsen (1887 1889) , 
ov'ercame this difficuity His first work w'a.s d'uie w^ilh thi* loov* smut of barley. The 
modified hot-w^ater treatment was recommended for wheat by Hw’ingle in 1894 and 
by Jensen in 1895, and since that time has been tested and recoin iuciid<*d by various 
workers. Special mention should be made of the work of Freeman and Johnson 
(1909), Oregor>- (1923), Tapke (1924, 1926, 1929), Tienmnn (1925) and (irevel (1930) 

IxKise smut of wheat is found wherever wheat is grovMi, >)ut in many rnvironnienth 
it IS not auffioiently abundant to be a factor of importance in wheat production. For 
example, in northern India the amount does nc»t generally exceed a fraction of 1 per 
cent, while in the Central PrqyinceH 10 per cent is sometimes rejiorted Tt is so rare 
in the Inland Empire of the Pacific Northwest that it is practicnlh unknown to the 
rancher, but it can generallv be found by a search in any field, the amount only rarely 
reaching as high as 1 pi»r cent. In some of the whoat-piroduring* sections of tht* 
Ifnited east of the Rockies it is suffiidently prevalent to rail for rontro^ nieasnn*s. 

Symptoms and Effects. — This snmt appears in the field shortly before 
the normal plants are in head and the spikelets of affected heads are 
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trLn$formed into black, powdery structures which can be detected even 
before emergence from the boot. The smut masses are at first covered 
by a delicate grayish membrane, but this soon bursts and exposes the 
smut dust, which is gradually liberated and washed down by rains or 
blown away by the wind. The general rule is for every spikelet of a head 
(0 be' smutted, but partially smutted heads may be found. In such 
cases it is always some of the upper spikelet s that are left intact. All 
of the heads of a stool may be smutted or only part of them, but this 
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behavior seems to vary ^vlth location and varieties. McAlpme (1910) 
states that v is unc<mHnon to find shoots with both smutted and sound 
heads. In smutted heads t he affected spikelets are completely destroyed, 
the only pans which escap(‘ transformation being the tips of awns in the 
bearded varieties. The central axis or rardiis is never destroyed, but 
will finally be left as a bare .structure with a few remnants of the spore 
masses. kSiiiuI masses may sometimes appt'ar on the leaf blade, leaf 
sheath or culm Thi.s has Ix'en observed in Australia, Egypt, India and 
Germany (Riehin, 1911; Tieinann, 1925). Aee<*rding to McAlpine 
(1910), ‘"when a stool is affected wdh loos<> smut, the stalks are generally 
of a purplish tint, so that they can be readily picked out from among the 
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general crop/^ The same has oeen observed in the naked smut of ba^ey, 
but is not particularly so in the case of the loose smut of oats. The purplish 
color is natural to some wheats, such as Purplestraw, but it occurs in other 
varieties when smutted. 

The smut masses have reached maturity and the spores are being 
scattered by the wind by the time normal heads are in flower, and by 
harvest time the smutted heads are very inconspicuous, since the smut 
mass has been entirely dissipated^ leaving the bare stalks. The covering 
membrane generally bursts before the smut mass is pushed out of the 
boot, but sometimes the smut heads remain hard and black, without 
becoming powdery, and the spores are not set free. The amoimt of smut 
varies under field conditions from a trace to as high as 16 to 25 per cent, 
depending upon the location and the variety. The highest per cent of 
smut in Kansas in 1906 occurred in two Japanese varieties (6 and 9 per 
ceni), a Roumanian wheat (8 per cent) and a Kansas hybrid (15 per cent). 
Brentztd (1926) reported 3 to 25 per cent on Kota in North Dakota. 
It may be noted from these figures that the per cent of infection d^ 
not reach as high as in the bunt or stinking smut of wheat. 

It is of interest to note that infection with the loose smut has a pro- 
nounced effect on physiological processes. Transpiration of smutted 
plants is 20 to 23 per cent more than that of normal plants. Smutted 
plants make a more active growth than normal ones for the first 20 to 25 
days, but after that growth declines and by flowering time the dry weight 
of smutted plants is only 60 to 64 per-cent that of normal plants (Kours- 
sanow, 1928). Infection appears to increase winter killing (Tapke, 
1929). 

Since the chaff and the grain are completely destroyed and the smut 
scattered before harvest, the effec^ of the smut is different from that of 
bunt or stinking smut, 'Fhe loss must be based on the reduction in 
3rield alone, since quality is not affected unless one is considering the value 
for seed purposes. The product of the normal heads of a smutty fields 
appears perfectly normal, even though infection has occurred It is 
customary to figure the reduction in yield equivalent to the per cent* of 
smutted heeds, but in low degrees of smutting this would probably give 
a higher loss than is actually suffered. 

Etiology. — The loose smut of ovheat is due to Ustilago tritici (Penu) 
Jens., a systemic fungus, which infects the young ovary at tlie time of 
flowering and develops its mycelium within .the seed, giving an intra- 
seminal infection. The \ime of maturing and the dusty character of the 
smut heads are admirably adapted to the blossom infection. These smut 
spores are being blown about by the wind just at the time when the 
normal heads of adjacent plants are in the flowering stage. Many of the 
innumerable smut spores will fall. upon the ground or upon various 
portions of the wheat plants, but spme of the total number will lodge 
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between the ^umee or chaff anti reach the feathery stigmas, wh«e they 
(terminate in much the same way that pollen grains germinate and send an 
infection thread down the tissue of the style into the ovule, where it 
continues tc grow within the young embryo plant, and becomes dormant 
when the seed is matured. Seeds carrying an intraseminal mycelium 
appear perfectly normal, but when planted the next season the dormant 
mycelium resumes activity with the awakening of the young plant, and 
keeps pace with the growth of the young seedling. According to Klush- 



a, fi;roup of spores showing various shapes and sizess; b-r, early and later stages of 
germination (After Stakman, Minn, Agr, Exp. Sla. Bid. 138.) 


kinova (1928), the mycelium is in all organs of the embryo, chiefly the 
growing point, and also the endosperm adjoining the scutellum; also in 
roots of seedlings up to the fourteenth to sixteenth day and in stems, 
leaves and sheaths in diminishing amount from the coleoptile to the 
apical leaves. With the organization of the heads, the mycelium makes a 
vigorous development, destroys the various parts, as noted under Symp- 
toms, and gives rise to the dusty smut masses, or sori, consisting of 
globular or oval, pale, olive-bro^, single-celled spores, 6 to 9^ in their 
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greatest diameter. These spores are generally lighter on one sidaandthe 
wall» especially on the lighter side, is marked with minute spines. 

Previous to the work of Maddox (1897) and of Brefeld and Falek 
(1906) it was supposed that seedling infection occurred in much the same 
way as has been described for stinking smut. The latter showed that 
spores applied to the seed or introduced into the soil were of no oonse* 
quence in the production of the disease, but only spores* applied to the 
blossoms were effective. This was demonstrated in two ways: (1) by 
introducing the smut spores into separate blossoms' by means of a fine 
brush; and (2) by blowing the smut spores into cylinders in which blos- 
soming heads were enclosed. Freeman and Johnson (1900) showed 
that 

Artificial inoculations of flowers with loose smut from the time when the 
stamens are still green to the time when the ovary is one-third its mature siie are 
usually successful. The optimum period for artificial inoculation is the time 
when the flower is in full bloom or when the ovary is just commencing to develop 
after fertilization. 

The spores of loose smut, as might be expected from their relation 
to infection, are not'long lived as in bunt or other seed-borne or soil-con- 
taminating smuts and germinate with the direct production of an infection 
thread, rather than by the formation of a promycelium, and secondary 
spores or sporidia. The spores are able to germinate freely in water 
or .nutrient solutions as soon as mature, but are not able to retain their 
viability for more than 6 or 6 monthe, even suffering a very marked loss of 
germinative power during this period. It was first noted that the infec- 
tion hyphffi are pushed out from the clear side of the spore, but Lang 
(1910) has noted two to three dear spots in the wall through which the 
infection hyphae emerge. T re spores of l^ose smut of barley and of 
wheat are morphologically quite similar, but in VdtlCjgO nudd the myce- 
lium formed in cultures produces straight hfteral branches at right 
angles to the main axis, while in U. triHci the lateral branches are curvecT 
and more variable in their insertion (Riehm, 1914). 

The smut spores that lodge on the feathery stigma behave much the 
same as pollen grains and 

. . . send their germ tubes into the latter only when its ephemeral cells have 
begun to collapse and dry up The germ tubes then enter in and between the 
cells and pass down to the low'er, still living, part of the style. Here niany are 
checked but others continfle through the intercellular spaces and the channels 
left by pollen tubes, until in a week or so the cavity of the ovary is reached. 
The ovules are next {wnetrated through their integuments, eniry taking place 
tiirough small intercellular spaces. The integuments ordinarily become cutinized 
and impermeable about 10 days after the novmal time of infection, so that suc- 
cessful penetration of the ovule usually dbeurs between the icvonth and tenth day 
The infection tube then pascey into the ^jipace lietween the endosperm and the 
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puoellus, where it branches freely for the first time. In about 3 weeks branches 
ha^e reached the lowe4' end of the raphe, and they pass around the bottom of the 
endosperm to reach the scutellum and penetrate the embryo. Here some of them 
grow along the rudimentary vascular bundles U> occupy the part between the apex 
and the root, it being now about 4 weeks after infection. A month later all the 
parts of the embryo, except the root, contain hyphae and there is a very copious 
mycelium in the scutellum. The hyphae are mostly 2.5 to 3/i in diameter, except 
in the scutellum where they are often somewhat swollen; growth is exclusively 
intercellular; there are no haustoria; and the host cells are not affected, in the 
slightest degree by the presence of the parasite. In the ripe grain, the hyphae 
are thick-walled, oily and irregularly swollen; though no haustoria are found, the 
cell walls are indented in places (Butler, 1918). 

According to Lang (1910, 1913), the mycelium does not even penetrate 
the.cells of the host when it begins the organizalion of spores in the parts 
of the inflorescence, but simply pushes them to one side. Riehm (1914), 
however, found the mycelium penetrating the cells in the abnormal lesions 
on the vegetative parts. 

The time of seeding of spring wheat does not seem to have any 
appreciable effect on the per cent of smut which apj)ears in the crop, but 
data as to how time of seeding affects reinfection are not available. Some 
tests indicate that the time of seeding in fall grain influences the develop- 
ment of the parasite, the lowest per cent of smutted heads appearing in 
the late seedings. This can be explained by supposing^ that the low 
temperatures of late fall which are sufficient to induce germination of the 
seed are not sufficiently high to start the growth of the inlraseiiiinal 
mycelium, with the result that the growing point ‘'rums away from the 
pathogene^* and the pathogene is never able to catch up with it even 
though favorable teinpH'ratures may later start it into activity. 

Biological Strains.— Recent cultural studies have led to the conclusion 
(Rodenhiser, 1926) that T. tntiri and l\ nuda are not distinct spc^cies 
but physiologic forms within the same sp<'cies On the basis of cultural 
characters only as "color, topography, character of surface, presence or 
absence of aerial mycelium, total amount of radial growth and type 
of margin” three strains from wheat and six from barley have been 
recognized. In more recent work t^*revel, 19.30) pathog(‘nicity on a 
series of differential host varieties has been used insti'ad of cultural 
characters. Nineteen colh*ctions from Germany were placed m three 
physiological strains, while one fnnn Turkey yielded a fourth strain. 
Twenty-nine others, including two from Anierica, were placed in the 
three German strains. 

Varietal Resistance.— -Field expedience has shown considerable varia- 
tion in fhe percentage of loose smut in different varieties, but in 1909 
Freeman and Johnson stated that no immunity of marked practical value 
had been discovered Appel (1915) stated that immunity in loose smuts 
is due to the closed flowers, which prevent the smut spores from reaching 
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the stigmas during the susceptible period, but Fromme (1021) has pointed 
out that this does not hold for wheat, as none of the Varieties has clo^ 
flowers. This structural explanation does, however, hold in the case of 
some varieties of barley and the loose smut peculiar to that species. 
Fromme (1921) has presented a brief comparative study of the variation 
of varieties and has shown that Leap wheat (Leap Prolific) under Virginia 
conditions shows either an entire freedom from smut or only traces undef 
the same" conditions which give 3 to 5 per cent in such susceptible varieties 
as Stoner. The amount of smut shown by bearded varieties was, as a 
rule, considerably in excess of that shown by the beardless varieties, the 
average for 20 of the former being 12.7 against 4:6 heads per row f^^r 16 of 
the latter. Harvest King, Fultz and Gold Coin, all beardless varieties, . 
also showed an apparent resistance to loose smut about equal id Leap. 

Varietal susceptibility was studied by Tiemann (1925) with the 
ree.ognifion of very susceptible, moderately susceptible and immune 
varieties, with St rubes’ Silesian, Wohltmann’s Green and Hungarian . 
Theiss in the last group. In a more recent study (Tapke, 1929) 102 
varieties were tested by artificial inoculations. Hybrid 128, Little Club 
and Jenkin Club wheats were very susceptible, while Pentad, a Durum 
wheat, was found resistant. The ‘‘vulgare” varieties varied from high 
susceptibility to apparent immunity. Hussar was very resistant, while 
Ridit was immune. It seems probable that these tests were made with 
single biological sirs ins; hence the conclusions may not be generally 
applicable. 

There is no correlation in the H-ion values of the cell sap of resistant 
or immune and wsusceptible varieties. It has lieen shown by Piekenbock 
(1927) that resistance to loose smut is recessive and inherited according 
to the Mendelian ratio. 

Prevention or Control.— Since 'the fungus is carried in the seed in the 
form of a dormant mycelium, the seed disinfection methods that are 
effective for bunt, smuts of oats or the covered smut of barley cannot be 
effective. When blSssom infection was tirst established Brefeld was of 
the opinion that no seed treatment could be effective, because of the 
difficulty of killing the internal mycelium without killing the embryo, 
.lensen devised the hot-water treatment and first showed its effectiveness 
for smuts due to seed-borne spores and later proposed the modified hot- 
waler treatmerdy which is still being recommended with only minor 
changes. The hot-water method is rather cumbersome and has not been 
generally recommended for tte treatment of the entire lot of seed for large 
farm operations, but rather for the handling of small lots to be used for 
planting seed plots. 

T^e modified hot-water treatment may be carried out as follows: (1) 
Soak the wheat in water at 68 to 86^F .for 4 to 6 hours; (2) immerse in 
warming vat for 1 minute at a tempen^ture 5 to 10® under that of the 
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treriing vat; (3) immerse in treating vat for 10 minutes at temperature of 
129.2®F. (64®C.) or within a range from 124 to 130®F.-. (4) drain and dip 
at onoe into cold water or spread out in a thin la3rer to cool and dry. 
Plant as soon as the. seed will run freely through the drill, or dry thor- 
oughly and store for later use. The exact method of providing the hot 
water and handling the grain can be varied. The amount of wheat 
treated at once has been varied from peck to 1 bushel in wire baskets or 
burlap containers to as much os 5 bushels in a heavy wire drum which is 
arranged to revolve in a tank of water heated by steam. In Germany a 
special machine has been used in which the hot water is forced through 
the wheat (Appel and Gassner. 1907) Whatever type of container is 
used, it should not be filled, but should allow plenty of space for the quick 
and complete penetration of the hot water. A temperature of 135®F. 
for 16 minutes will be endured by wheat without serious injury, but it 
would be better to hold within the range specified. The treatment for 
loose smut of barley is the same, except that the Immersion should be 
for 16 minutes at 126.6°F. (52®C.) with an allowable range from 124 to 
129®F. 

The value of the presoaking, according to Appel and Riehm, is duo to 
the fact that the absorption of water starts the intraseminal mycelium 
into activity and renders it more sensitive to heat than when it is in the 
dormant state. The temperature of Ihe water during the preso.ak period 
and the duration of the soaking are of importance, as has \yoon shown by 
Appel (1909) and others, as may l)e illustrated by the following examples: 


IVmif>ak tempcriiturr, dogn^os Ck»ritigr«d<’ 

1 1 

1 

1) 

IS 


l^r cent of smut 

4 f> 

3 1 

1 1 

0 

Hours presoakod - * 

2 

t j 

» 


Pf»r cent of «mut 

2 7 

1 

1 1 

1 1 




T(M) low temperatures of too short p<*riods of soaking will give iniper- 
'fect control. 

The limited range of etteefive and safe temperatures makes it impera- 
tive that thoroughly reliable thermometiprs should Ik* used and every 
effort should be made to bring all of the wheat to the treating tempeniturc 
at once by agitation, and to check the action of the heat at the close of 
the treatment period by rapid cooling. It would seem that the use of the 
cold bath should give less germination injury than simply spix^ftding the 
^i^heat oijt to dry as in some of the more recent practices (Tapke, 1924). 

The hot-water treatment, like chemical disinfection, causes more or 
less seed injury, and in this cft.se also the injury of machinc'-threshed grain 
is greater than in hand-threshed grain 'Fhe amount of seed-injury s 
variable, depending on variety, threshing injury, care in treating, etc., but 
about what may be expected from the standard irefttment may be judgcnl 
lr«>m tests given by Tapke (1924), in which 33 untreated machine-threshed 
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samples gave an average germination of 87.6 per cent, while the treated* 
lots showed an average germination of only 52.7 pef cent. By care/\U 
adjustment of presoak temperatures and time and temperature of the 
dip, control has been obtained, with not over 10 per cent reduction of 
germination (Neill, 1925). 

The single-bath, hot-water or steam treatment has beep studied 
C^l'^apke, 1926) as a means of lessening seed injury. For the hot water a 
machine with an endless b^lt used by canneries, with the addition of a 
rotary grain drier, was employed. Treatments for 110 minutes at 45®C. 
(118.4®F.) or 95 minutes at 49®C. O20.2®F.) gave best control, with 
increased yield and less injury than Vith the modified hot-wateiw treat- 
ment. For the steam treatment an upright grain drier of 2 bushels 
cc^acity was used, in which a saturated recirculating atmosphere of 46 
to 48®C. was maintained. Control without seed injury and no decrease 
in 3 nelds were obtained, with 46®C. for 1 to 4 hours, 47®C. for 1 to 2 hours 
and 48°C. for ^ hour. These two methods are suitable only for cooper- 
ative plants handling large quantities of seed. 

The hot-water treatment has been shown to be effective in preventing 
kK)se smut, and some of the earlier tests reported marked increases in 
yields from its use (Kellerman, 1891). The effect on yield must be con- 
sidered in deciding whether treatment pays. In tests conducted for thre^ 
years by Tapke (1924) “wheat grown from untreated seed outyielded 
that grown from treated seed when the rate of seeding was 6 pecks per 
acre,’' even in lots producing as much as 10 per cent of smut in the 
controls. When allowance was made for seed injury by increasing the 
rate of seeding, treated seed gave the highest yields. From these results 
it would seem that treatment would not pay unless* allowance is made 
for seed injury and swelling of the seed (if seeded moist) by proportional 
increase in the rate of seeding. 

In Indiana and Virginia the objection of the farmers to the cumber- 
some and rather difficult hot -water treatment has been partially overcome 
by the establishmcnf of community treating plants (Pipal, 1921), making 
use of creameries, canneries, mill or other establishments furnishing live 
steam, or by the construction of special rotary machines. 
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COMMON SMUT OF CORN 

Ustilago zem (Beokm.) Ung. 

Of the three Rmuts which affect corn, one, the so-called common or 
boil smut, has nearly a worldwide distribution, and is easily recognized by 
the characteristic smut masses or tumors which appear on all the aerial 
part,s: ears, lassels, stems, leaves and occasionally on the brace root>s. 
Another species (Sorosporium reilianum (Ktihn) Me Alp.) causes the 
head smvi of sorghums and corn, on the latter confining its attacks to ears 
and tassels, while a little-known form (V. fischeri Pass.), causing a kernel 
smutj is reported from Italy and the West Indies 

History and Geographic Distribution.'- -Corn smut was mentioned by Bonnet a6 
early as 1754 and Du'llomcl and other French botanists were known to have been 
familiar with it some years earli^’*. It was described by another French scientist, 
Ayincn, in 1700 and studied in more detail by him and also by Tillct, whose writings 
were published in 1766: The earliest record of corn smut in America was by Schwein- 
itz (1822), who was the first botanist to do sj >tematic collecting of fungi in the Unitcc^ 
States. Corn is native to America, probably Mexico, and wsm sent t»i Europe as early 
as 1500 Corn smut has undoubtedly occurred in America for centuries, but was 
described from France earlier than from America, bocauMc attimtion was then being 
(liref^ted to botanical studies. There are three historical periods in the study of this 
disease: (1) from the time of the first writings (1754) to the publication of De Can-. 
doUc’s important treatise on ^^Physiologic Vdg^tale" (1832), during which com smut 
was Vu'lieved to be a physiological disturbance or an oedema, due according to Tillet to 
too gr(‘at an abundance of sap which in rich land is earned towards certain portions 
of the plant”; (2) from De fandollc (1832) to the final publication of thcbrefMMirchM 
<if the German mycologist, Brefeld (1895), du'ing which the parasitic nature of smut 
was recognized, but infection believed to be seed borne, as in smuts of wheat and oat9» 
(3) from Brefeld to modem ‘times, this penod being ushered in «by the brilliant 
It^arches of Biefeld, which demonstrated that the disease was not systemic and 
sited-bonie, but that infections were purely local and could occur in any actively 
growing tissues above ground. During the middle or De Gandollean period important 
contributions were made by both French sgid German botanists, 
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{ Mention uiay be made of the first extensive studies of corn smut in tlu* United 
States by Hitchcock and Norti^n (1896) in Kansas, by Arthur (1900) in Indiana and 
by Clinton (1900) in Illinois. The De Candollean concept made its impress on these 
studies, all were concerned at first with seed treatments for control and attempts to 
pfx>duce infection by seed-borne spores. All obtained negative results from seed 
disinfection, thereby supporting the earlier conclusions of Brefeld that infection is 
from wind-borne sporidia which reach various aerial parts of the com plant In the 
following years minor additions were made to our knowledge of the disease by various 
workers, and more recently Piemeisel (1917) has studied factors affecting the parasit- 
ism of the smut fungus, Melchers (1921 and 1925) has suggested the possibility of 
biological strains and has reported on the life history and ecologic phases of the disease*. 
Jones, Holbert, Hays, Garber and others have made ^special studies in the breeding of 
com for smut resistance. The definite recognition of physiological strains has been 
a more recent accomplishment (Christensen and Stakmain, 1926; Eddins, 1929), while 
the heterothallism of the smut fungus has been established. 

~Com wmut is prevalent in both North and South America to a greater or lesa 
extent wherever corn is grown. The same hoTds true of some European countries, but 
according to Magnus it Jid not reach middle Germany until 1875. It is recorded by 
Butler as common and destructive in parts of India, and rare or absent in other 
sections. In 1910 Me Alpine reported that the common com smut of Australia was 
the head smut, and that VstiXago tea was not known to occur in that country. 

Symptcmis and EfiEects. — The disease appears on the various aerial 
• parts of the corn plant as either small or large tumors, at first whitish due 
to a covering membrane, but later dark and then black from the develop- 
ment of the enclosed smut mass. These smut tumors or sori may vary 
in size from minute pustules on the leaves to others, on the stalks or ears, 
as large as a child’s head. When they reach maturity the covering 
membrane dries and breaks, exposing the dry, powdery mass of spores. 
Tumors may appear at almost any place where meristeinatic tissue xMScurs, 
but they are common on or near the midribs of leaves, at the junction of 
the leaf sheath and blade or at the nodal buds on the -stem. Individual 
flowers of the female inflorescence or ear, groups of flowers or the entire 
egr may be involved. Sometimes the ovaries remain rudimentary or 
aborted or each may be hypertrophied to form a tumor. The surrounding 
floral scales may be involved and expanded into flattened structures 
which cover the less conspicuous ovaries. In the tjisscl or male inflores- 
cence the individfiai organs may be converted into smut tumors, which 
are frequently elongated, irregular, greatly enlarged structures. The 
impression frequently prevails that only ears and tassels are smutted, 
but this is due in part to the conspicuous character of the tumors on these 
structures, and in part to the fact that in light attacks the flowers seem 
to be more generally affected. In this connection an actual count of 
1,741 sm\itted plants with the distribution of the sori (Arthur, 1900) will 
be of interest (see 'the table on p. 748). 

From these figures it may be noted that a larger per cent of the 
tumors were produced on the vegetative structures than on the repro- 
ductive structures. 



Fio xMi on ftn oom 


Beep-aeated alterations may W caused m the wiftoreeieencc aa a lettiH of the 
attack. It IS well kmiwn that m inaisf^ the male and female inflorcseeiices ate 
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separate the fonner tenninal, the latter lateral. In smutted pli^nts, however, it 
has sometimes been observed that the male mflorescenoe bears female and 
hermaphrodite flowers in its lower part and may even give perfectly normal gram 
at the base 


Region of plant 

Number ! 
of 

pustules 

Percentage 

oP 

pustules 

Stem between first and ^th nodes^ 

753 

37 2 

Stem between fifth and tassel 

342 

16 9 

Leaves (blade and sheath) 

320 

15 8 

Ears . 

321 

15 9 

Tassel 

287 

14 2 

Total number pustules on 1,741 plants 

1 

2,0?3 

100 0 


> Aooor iinK to Potter and Melrhers theee infertions are not in reality on the atema but on the buds 
at the nodee 


More recently, however, Werth (1913, 1919) has proved by experi- 
ments that the development of hermaphroditic flowers in the tassel is 
not related to the presence of smut 



Fio 213 — Uatilaoo tea A, on com tassel, B on midnb of a leaf blade 


Loss from Com Smut. — This is variable and rather difficult to mdas- 
uie. Ck>m smut may*be present in traces only or a very high per cent of 
the hare may be sfnutted. The wnter observed a field of sweet com in 
Texas in which 60 per cent of the ears were smutted, and Bessey (1889) 
has recorded a loss of 66 per cent in sweet c(»ii in Iowa. In both cases 
the land had been cropped to com for a number of years. These figures 
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are high for field com, especially if rotation is practiced. Losges ol^ 5 
to 15 per cent are recorded for Wisconsin in 1881, 20 per cent ih parts of 
Hungary in 1902-1903, while Clinton (1900) estimated the loss for Illi- 
nois at to 5 per cent. ■ The Plant Disease Survey Records for the 
period from 1918-1924 estimate an average annual reduction in yield for 
the entire United States at 2.1 per cent (MelcherSj 1925). 

The injury manifests itself both directly and indirectly and will vary 
according to the number and location of infections. Large boils above 
the ear are more Injurious than when located below. Smut infections 
on the stem reduced the yield of shelled corn from 7 to 54 per cent’ with 
a maximum of 94 per cent (Immer and Christensen, 1928). . The greatest 
reduction in yield of plants of the same genotype was caused by induced 
sterility, one test showing 19.8 per cent sterility in smut-free plants and 
38 per cent in smutted plants (Garber and Hoover, 1928). Smut also 
causes a pronounced reduction in sucrose and a lesser reduction of hexoses 
in the vegetative parts (Ilurd-Kafrer, 1927). 

Etiology. — The common smut of com is due to Ustilago zece (Beckm.) 
Ung., one of the true smuts, or Ustilaginales, in which the infections are 
localized, and not the result of a mycelium that has grown up through 
the tissues of the plant from the seedling stage as in the bunt or stinking, 
smut of wheat. The fungus was named Lycoperdon zew by Beckmann in 
1768, and this generic name will be recognized as that of some of our 
common puff balls. Other generic names were used by various early 
writers but Unger assigned the fungus to Ustilago in 1836. 

A mature smut tumor consists of the thin covering membrane of 
host origin of thin-walled, uncuticulanzed, polygonal cells, with few 
distorted stomata and no trichonies. This encloses the mass of powdery 
spores mingled with remains of the old collapsed parenchyma cells of 
the host and hbruvasculai bundles which make a fibrous network. The 
mature spore is spherical to ellipsoid, 7 to 12/x in diameter, with a brown 
wall covered with small spines. '1 nese spores are set free by the rupture 
of the enclo^ng iriemlirane and may be mingled with the soil debris or 
scattered about by the wind. I'hcy may be carried to the feed lot with 
smutty corn fodder and there mingle with the barnyard manure. Either 
at once or after a period of dormancy the spores germinate if supplied 
with suitable moisture and temperature conditions. The immediate 
product of germination is not an u feet ion thread, but a promyceUum^ 
which in its simplest form consists of four somewhat elongated cells 4rom 
which both terminaf and lateral spondia are formed as somewhat fusi- 
form bodies of variable size. Under favorable conditions of nourish- 
ment the promycelium may branch and a growth of^irae size may be 
developed, with an abundance of sporidia. Separated sporidia may 
germinate at once to form infection threads, or if supplied with a nutrient 
solution they will bud profusely ia^ yeast-Uke fashion, to form secondary 
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, Bpoipdia which may behave exactly like those produced directly from 
the promyoelium. When promycelial filaments reach the air, sporidia 
are produced in great abundance in simple or branched chains, and as 
these are detached they are readily borne away by the wind. The original 
spores may be scattered by the wind and germinate wherever they find 
lodgment, and still further dissemination will result from the wind-bome 
sporidia. This extensive aerial dissemination of the sporidia was first 
demonstrated by Brefeld (1895). Whenever these sporidia reach young 
growing tissue of the com plant they may germinate and produce local- 
ised tumors. Each tumor which is formed is the result of a separate 
infection, snd the mycelium spreads but little from its original point of 




ViG. 214. — Gernanation of sporee of L titilago zea a -f Kormlhation in manure dorcx- 
tion at 19 hours, g formation of germ tupe in water at two days, h and i, promyreiia at 
7 days producing sporida, j and A, typiciU sporidia, the three lower in k germinatuiK 
After Stakman, Mxnn Agr Exp Uta. But ISS.) 

entrance. The period between infection and the formation of, mature 
sori varies from 7 days to 3 weeks, depending upon environmental 
conditions. 

The germ-tube bores through the young epidermis and at first grows mto and 
through the cells of the parenchyma telow, stimulating them to active division, 
^^me of the branches extend rapidly throughout the tissues, so as to spread the 
infection dver a considerable area; these are known c.b infection hyphce. Othef^ 
form little clumps, with many branches, within individual cells; these are the 
feeding hyph®, which may be compared to the haustoria of parasites that live 
mainly between Ihe cells as the rusts of wheat. The infection hyph» may eithe’* 
grow between the cells, sending feeding hyph» into them, or may pass directly 
across a oell. In the latter case, the fungus does not, as a rule, come into contact 
with the cell contents, being enclosed in a cellulose tube or shefith which is 
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manufactured around the hyphse the moment it enters the cell, and kem pape 
with its growth. This sheath is developed through the activity of. the teU prot^ 
plasm, and* is a defensive <levice by means of which the cell endeavors to protect 
itself against the injurious action of the fungus. Sometimes it is formed so 
rapidly and in such strength as to stop the growth of the hypha altogether. In 
tlie young thin- walled parenchyma of the newly formed tumor, the bulk of the 
fungus is found chiefly between the cells, and up to the time of spore formation 
there is no destruction of the cell contents, the parasite living on surplus food 
supplied by the plant. The infection hyph®, passing across the cells enclosed in 
thcur cellulose sheaths, are best seen towards the margin of the tumor. The 
h>pha' do not confine themselves to the cells of the parenchyma but also penetrate 
the young bundles, being found, for instance, in the large vesseli^ of the axis of 
tlif inflorescence in diseased ears- They do not, however, extend far l>eyond the 
seat of primary infection, being limited by the swollen tissues of the Cumor 
(Butler, 1918). 

After the mycelium has permeated the tumor tissue, spore formation 
is initiated. The compact, branched hyphse become segmented into^ahort 
uninucleate cells, adjacent pairs becoming merged by the solution of the 
separating wall into irregular cylindrical, binucleate cells. In the mean- 
time general gelatinization of the walls occurs and these binucleate maaaes 
of protoplasm surrounded by gelatinous sheaths constitute the spore « 
origins. Each spore unit becomes rounded, surrounds itself with a spore 
wall, the gelatinous remains of the hyphae are used up, the two nuclei 
unite and the isolated spores first constitute a pasty mass, which becomes 
powdery in the mature tumor. 

It was formerly believed that the smut spores germinate only after 
passing through a period of winter rest, but numerous workers have 
shown that they will germinate uf taken directly from new tumors in 
the middle of the summer. Piemeisel (1917) obtained an average ger- 
mination of 42.8 per cent in tests made from June 24 to Oct 10, but 
much higher in Cohn’s nutrient solution (100 per cent or slightly less). 
Although they will germinate immediately, they are able to retain tUeir 
viability for ^^ve^al years, and Brefeld records their germination when 7 
years old, while Piemeisel obtained infection from material 5 years old. 
It is of importance to note that spores of corn smut lose their viability 
after having been kept in a silo for a few weeks, probably from the action 
of silage acids, especially acetic (Piemeisel, 1917). The relation of tem- 
perature to germination has been recf^Mly studied by Jones (1923). The 
optimum was found to lie between about 26 and 34°C., the maximum 
between 36 and 38° aftid the minimum was 8°. The optimum is higher 
than for some other smuts (sec Bunt or Rtinking Smut of Wheat) and 
probably explains why corn smut is more severe in warm com-gpowing 
sections than in the cooler regions. Potter and Melchers (1925) have 
shown that com smut is much worse in the dry, hot areas of Kansas than 
elsewhere. 
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Jt was formerly the belief that the spores could pass through the 
alimentary canal of animals without losing their viability. . They are in 
large part or wholly killed according to Arthur and Stuart (1900), and 
the finding of these investigators has been substantiated by Ficke and 
Melchers (1929). The number of spores which remain viable after 
passing through the. digestive canals of horses and cattle is so small that 
they may be considered negligible in the perpetuation and spread of the 
disease. 

The sporidia have generally been considered as short-lived, and 
according to Arthur and Stuart (1900) ^Hhese are borne through the air, 
which must be rather moist or the sporidia will be killed by drying.” 
Brefeld (1895) found that sporidia dried fpr 5 weeks were killed, but 
Piemeisel (1917) found that sporidia taken directly from pure cultures 
would withstand drying on cover glasses for 149 days at room tempera- 
ture. If taken from a water suspension and dried, thus more nearly 
approaching natural condit/iuns, they are more sensitive to desiccation. 
They still remained viable after being grown continuously in pure cultures 
for 3H years. Freezing injures sporidia but little, as may be judged 
from tests in which they were exposed to — 28®C. without losing their 
viability, but moist sporidia are killed by alternate freezing and thawing. 
They can germinate and bud in silage juice but are injured by solutions 
equal in acidity to silage. 

Spores of corn smut will germinate in the compost heaplind sporidia 
will continue to bud in water extracts of manure, in much the same way 
a^ in DUirient solutions. This budding of sporidia undoubtedly occurs to 
a greater or less extent under natural conditions in the barnyard or in the 
field, the exact behavior varying with the compositions of the solutions 
in which germination occurs This behavior will explain how the enor- 
mous number of smut spores produced by a tumor may be increased and 
a more widespread dissemination bniught about. 

Under experimental conditions in the greenhouse young plants may 
be infected, either by hypodermic injections of sporidial suspensions or 
by dropping sporidial suspensions into apical buds ('Fisdale and Johnston, 
1926), and in many cas(»s such infected plants are killed. Under natural 
field conditions infections do not take place until phmts are 1 to 3 feet 
high, and new infections may appear any time up to the tasseling stage. 
This freedom of young plants in the field has been attributed to the 
temperatures being too low during the seedling period (Tisdale and 
Johnston, 1926), but this view is not held by Immer and Christensen 
(1928), who suggest that seedlings are either morphologically or 
physiologicail} resistant to field infection. During the susceptible period 
infection may take place at any point where there is young growing tissue, 
but matured tissues cannot be penetrated. 
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It'has been shown that the oom-smut fungus is generally heterothallic ; 
that is, monosporidial cultures are incapable of preducing infection^with 
the production of smut boils but may produce flecking. The use of 
plus and minus monosporidial cultures or those of opposite sex gives 
successful infection (Stakman and Christensen, 1927; Hanna, 1929). 
The presence of clamp connections in the parasitic mycelium within the 
host has* also been observed (Seyfert, 1927), showing that the binucleate 
condition arises sometime before the formation of the chlamydospores. 

Host Relations and Conditions Favoring Smut . — Ustilago zece affects 
but one other host besides common corn. It has been found under natu- 
ral conditions on the related plant, teosinte (EuchUma mexicana), and 
artificial infections have been successful. Differences in susceptibility of 
different varieties of corn have been noted. Pammel reported the greSt 
seventy of smut on corn imported from Mexico, South America and the 
Philippines, and mentions the fact that it is supposed to be more severe in 
warm countries than in cold countries. In breeding work, Jones (1918) 
has described the differences in susceptibility of inbred strains of maize to 
smut attacks, and Hays et al. (1924) report an average of 1.9 per cent in 
two dent varieties and injury ranging from 3.9 to 13.4 per ofent in three 
flint varieties. This is in keeping with previous statements that flint 
varieties are more susceptible than dent varieties. According to Melchers 
(1921), ^'It is being found that selections and crosses of com showing 
resistance to smut in one locality or state are much more susceptible in 
other sections,” and he attributed this largely to the physiological differ- 
ences in the smui fungus, since some strains are known to be much more 
virulent than others. 

Any conditions, such as rich, moist soil, which stimulate the host 
to vigorous growth with softness or increased succulence, increase the 
chances for infection. If conditions are favorable, the longer the growing 
season the greater the amount of smut. Therefore, early-planted com 
generally smuts worse than a late-planted crop. Infection occurs very 
largely during either cloudy, moist days or during dewy nights. Showers 
followed by bright sunshine are less conducive to smut than moderate 
rains with slow clearing and moist nights. Close planting is favorable to 
smut, since the air remains moist for a longer time than in a thinner stand. 
More recent studies indicate, however, that the presence of moisture is 
not so importiant a factor for corn-smut infection as formerly believed. 
The importance of temperatures during the summer months has been 
pointed out (Platz, 1929), the season of 1927, with subnornflal mean 
temperatures but very moderate rainfall, showing more smut than 1923 
with higher temperatures and heavier rainfall. It has beei^demonst rated 
that ears with thin husks that split easily or are too short to cover th( 
ear tip are more susceptible than ears with thick, long husks that com^ 
pletely enclose the ear (Kyle, VHTSO. Resistance to smut may be ai 
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accompaniment of reduced vigor from whatever cause. selecting 
smut^-csistant, selfed 4nes it must be borne in mind that smut resistance 
may be due to lack of vigor. The use of strains having such low vigor 
may result in lower yields (Kyle, 1930). That resistance is in part 
physiological has been demonstrated by the inhibiting action of filtered 
juices of vegetative parts of resistant varieties upon the growth of the 
smut fungus in cultures (Ranker, 1930). Although smut can enter the 
unbroken tissue of the com plant, infections may be greatly increased by 
mechanical injuries. MacMillan (1918) records a case in which smut 
Was increased from 1 to 19 per cent by a hailstonn. The stomi caused 
the increase by rupturing mature smut masses and scattering the spores 
and making numerous wounds through which infections resulted. 

• Physiological Strains and Mutation. — The first definite proof of the 
existence of physiological strains was presented by C'hristensen and Stak- 
rnan (1926). Cultural studies from collections from various parts of 
the country yielded 15 forms that could be recognized by rate of growth, 
eokir, topography, surface, zonation, conidial production and margin. 
At least 7 could be recognized by their varying parasitic behavior on 10 
selfed lines, the diftenmt strains showing great variation in their virulence. 
In cultures, sectors and patch mutants arise in most monosporidial lines, 
and these appear to be true mutants, often showing different morphologi- 
cal and physiological properties, including pathogenicity and sex proper- 
ties. The isolation (if 220 mutants within a year troin one^ine, 162 of 
which were different, is offered as an illustration of frecpiency (jf mutation 
(Stakman et al,, 1929). The following conclusion is based on extensive 
studies: *^Vstihgo zed eompnsfjs an indehnite number of mcmosporidial 
or haploid lines that differ from each other in so many physiologic char- 
acters other than sex that they might well be considered physiologic 
forms.'’ 

Monosporidial lines from various foreign countries and the United 
States when paired with monosporidial lines of opposite sex from Minne- 
sota produced smut galls (Stakman, C'hnstensen et al , 19,29). They con- 
clude: ‘^The corn-smut pathogene, therefore, comprises many lines now, 
and new ones continually are arising by mutation and hybridization.” 

Com Smut Not Poisonous to Cattle. — The belief has been and still is 
prevalent that com smut is poisonous to cattle, and at one time it was 
looked upon with suspicion as having something to do with the so-called 
(Jom-stalk disease of cattle. Analyses of corn smut have shown that it 
cimtains more protein rhan corn, oat or clover hay, with a high content of 
carbohydrates (Smith, 189o). I’et ding experiments have been carried 
out by workers at the Wisconsin, Illinois, Michigan and Kansas Experi- 
ment Stations and at the U. S. Department of Agriculture (Moore, 1896) 
and the results are summarized by Arthur (1900) as follows: 
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As eaten by auiinals in the field it is only rarely injurious; the action, ^v^fien 
any occurs, affects the nervous system, and except in the unusual case of death 
causes no permanent injury. The alkaloid, or other active principle, occurs in 
com smut in small amounts, and only under rare and exceptional circumstances is 
an animal likely to eat enough of the smut in any form to be affected by It* 

Although com smut has been reported to contain an active principle 
resembling that of ergot in its action, it is not present in sufficient amount 
to be of danger to cattle. Smith (1896) stated that feeding up to 11 
pounds per day produced no signs of abortion in pregnant cows and that 
the milk yield remained normal. . 

Control. — Since it has been definitely shown that the smut does noji 
result from seed-borne spores of the pathogene, seed disinfection can be 
of no value. This has repeatedly been proved by the early experimental 
tests. Since the infections arc local and on aerial parts, spraying with a 
fungicide may be expected to give protection. It is interesting to note 
that exporiment<al tests hnve shown that corn can be protected by spray- 
ing with. Bordeaux. Wliile a certain measure of protection by this 
treatment is possilile, it has been considenal too troublesome and too 
exiK'nsive to be introduced into farm practice and gives less protection 
when the host injury is taken into consideration than was formerly 
Ijielieved (Potter and Melchers, 1925). The remaining control practices 
for consideration are: (1) crop rotation or not planting corn more often 
than once m 3 years on the same land; (2) the collection and destruction 
of smutted ears or stalks before the spores have been disseminated; (3) the 
avoidance of smut-contaminaled manure as a fertilizer for corn ground; 
(4) the adoption of planting and cultural jiractices which will be the least 
favorable t<i infection; ,5) the use of resistant varieties. At the present 
time the main reliance is placed on crop rutahon in the general corn belt. 
The destruction of the smutted ears and stalks may be practical and 
profitable in truck gardens, but would hardly be a paying operation 
for extensive ficli practice. 
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AND Jones, E. S.: Relation of certain soil factors to the infection of oats by loose 
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quecksilberhaltiger Beizmittel zur Bekainpfung des HaferflugtirandeB. Angew. 

• Bot. 6. 463-477. 1924. Reed, G. M.; The inheritance of resistance of oat 
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^em of biological species. Ann. App. Bid. 18 : 314-325. 1925. Rzbb, G. M.* 
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Cornell Agr. Exp. Sta. Mem. 109: 1-36. 1927. Reed, G. M.: The inheritance 

of resistance of oat hybrids to loose and covered smut. Ann. New York Aoad. 
Sci. SO: 129-176. 1928. Sampson, K.: The biology of -oat smuts. I. Ann. 

Appl. Biol. 16: 586-612. 1928. II. 16: 65-85. 1929. Reed, G. M.: New 

physiologic races of the oat smuts. Torrey Bot. Club Bui. 66 : 449-470. 1929. 

Rosenstiel, K. von: Untersuchungen uber die Wiederstandsfahigkeit von 
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Zeiiachr. 1: 317-360. 1929, Haakring, F. : Eine Infcktions Methode fUr 
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Zucht. A . Pfia7izenzucht 16 : 250-27H. 1931. Holton, C. S.: Hybridisation and 

aegrrgiitton in the oat smuts. PhytojHith. 21 : 835-842. 1931. 

Cohered or kernel smut of oats {Ustilago levis (K. & S.) Mag.). — Heald, F. D.: 
Oat smuts of Washington. Proc. Wash. State drain Growers Assoc. 18 : 28-34. 
1919 Reel, G. M., Grifpithk, M. A. and Briggs,, F. N.: Varietal suscepti- 
bility of oat,s *0 loose and covered smuts. U . S. Dept’ Ayr. Bui. 1176 : 1-39. 
192.5 Smith, D. C. and Bressman, E. N.: Susceptibility of Markton and other 
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Loose smut of barley (Ustilago nuda (Jens.) K. & S.). — Freeman, E. M. ANP Joh|PON, 
E. C.: The loose smuts of barley and wheat. V. S^Dept. Agr,^ Bur. Ind. 
Bui. 162:1-43. 1909. Ti8DAr..E, W. H. and Tapeb, V. F.; Tnfectioaiif barley 

by Ustilago nuda through seed inoculation. Jour, Agr. Res. 29 : 263r-2S4. 

1924. AND’ Grifpithb, M. a.: Variants in Ustilago nuda and eertain host 

relationships. Jour. Agr. Res. 84 : 993-1000. 1927. Taylor^ J. W. and 

Zehner, M. G.; Effect of depth of seeding on the occurrence of covered and 
loose smuts in winter barley. Jour. Amor. 8oc. Agron. 28: 132-141. 1931. 

Covered smut of barley (Ustilago hordei (Pers.) K. & S.). — Heald, F. t>.: Seec 
treatments for the smuts of winter barley. Neb. Agr. Exp. Sta. Ann. Kept. 81 : 
46-53. 1908. Tisdale, W. H., Taylor, J. W. and GnrFriTHs, M. A.: ibcperi- 

meiits with hot water, formaldehyde, copper carbonate and chlorophol for the 
control of barley smuts. Phytapath. 18: 153-160. 1923. : An effective 
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method of inoculating barley with covered smut. Phytojiolh. 18: *551-654. 
1923. Farib, j. A^: Facion influenciiig infection of Hordeum saiimim bv« 

UMago herdm. Amor. Jour. Bol. 11. 189-214, 1924. : Pliysiologir 

specialisations of UstUmgo hordei, Phylopaih. 14: 537—657. 1924. ROmf, L.: 

Htudion Uber don Gerstenharthrand (U. hordei). Forsch. Gtb. Pflanzmkr. und 
Immuti'iidt PJlo/izenkr. 2 : 21-76. 1926. Leueel, R. W.: Seed treatment 

for controlling covered smut of barley. U. S. I^ept. Agr. Tech. Bui. 297: 1-22. 
1930. 

Loeae smut of wheat and rye (Ustilago trifiei t'Pers.) Rbat.). — (See special treatment 
of loose smut of wheat, p. 734.) Humphrey, H. B. and Tapke, V. F.: The loose 
smut of rye (Ustilago tr%lici). Phyiopath. 16 : 598^-606. 1926. 

Ceasmea amut of com (Ustilago wem jPeck) Ung.). — (See special treatment, p'. 746.) 

Leaf amut of timothy and other grasses (Ustilago siriseformis (West.) Nieas.). — Obner, 
G. A.: I^arsmut of timothy. Cornell Univ. Agr. Exp. Sta. B%1. 861: 185-230. 

, 1916. Davis, W. H.: Spore germination of Ustilagit striaformis. Phylopaih. 

14 : 261-267. 1924. : Life history of Ustilago strif^onnis which causea a 

leaf smut in timothy. Jour. Agr. /fesp82 : 69-76. 1926. : Two pbyaiologie 

forms of Ustilago siriseformis. Phylopaih. 20 : 65-74. 1930. 



V60 MANUAL OF PLANT DISEASES 

MUlft smut {Usiilago crameri Kttm.). — Vasey, H. K: Millet smuts and their control. 
&olc. Agr, Exp. Sta. 6ul. 242: 1-22. 1918. Sunduraman, S.: Ustilago crameri 

Koem. on Setaria itahca. Agr, Res. Inst. Pusa. Bui. 97:1-11. 1921. Mblchers, 
L. E. : Studies on the control of millet smut. Phytopath. 17 : 739-741 . 1927. 

Porter, R. H., Yu, T. F. and Ch^n, H. K.; The effect of seed disinfectants on 

smut and on yield of millet. Phytopath. 18: 911-919. 1928. : Smut 

resistance in millet. Phytopaih. 20: 915-916. 

Kernel smut of sorghum {S^^hacelotheca sorghi (lA.) Cl.). — Kulkarni, G. S.: Smuts 
of jowar (sorghum) in the Bombay Presidency. Agr. Res. Inst. Pusa. Bui. 
78: 1-26. 1918. Butler, E. J.: Fungi and Disease in Plants, pp. 208-211. 

1918. Reed, G. M.: Varietal resistance and susceptibility of sorghums to 
Sphacelotheca sorghi (Lk ) Cl. and Sphacelotheca.criienta (Kiihn) Potter. MycoU 

ogia 1(: 132-143. 1923. and Faris, J, A.: Influence of environmental 

factors on thc*infection of sorghums and oats by smuts. A met. Jour. Bot. 11: 

518-534. 1924. and Melchbrh, L. E.: Sorghum smuts and varietal 

resistance in sorghums. U. S. Dept. Agr. Bui. 1284: 1-56. 1925. Tisdale, W. 

H., Melchkrs, L. E., and CJlemmer, H. J.: Strains of kernel smuts of sorghum, 
Sphacelotheca sorghi and S. cruenta. Jour. Agr. Res. 34: 825-838. 1927. 

Johnston, C. O. and Melchers, L. E.: The control of sorghum kernel smut 
and the effect of seed treatments on the vitality of sorghum seed. Kan. Agr. 
Exp. Sta. Tech. Bid. 22: 1-37. 1928. Fickb, C. H. and Melchers, L. E.: 

The effect of the digestive processes of animals on the viability of com and sor- 
ghum smut spons. Jour. Agr. Res. 38 : 633-645. 1929. Ficke C. H. and 

Johnston, C. O.- Cultural charactr^ristics of physiologic forms of Sphacelotheca 
sorghi. Phytopaih. 20; 241^ 249. 1930. [Jpp.vl, B. N. and Desai, M. K.: The 

effectivenea« of dust fungicides in controlling grain smut of sorghum. Agr. ct 
lAve Stockj India 1: .390-413. 1031, 

Loose kernel smut of sorghum {Sphacelotheca cruenta (Kiihn) Potter).- -Potteu, 
A. A.: The loose kernel smut of wirghuin. Ph\fiopath. 6: 149-154. 1915. 

Faius, j a.: Modes of infection of sorghums by loose kernel smut. Mycologia 
17: 51-67. 1925. 

Head smut of sorghum and corn {Soros porium reibanrim (Kuhn) McAlp.).— Potter, 
A. A.: Head sniui of sorghum and maize. Jour. Agr. Res. 2: 339-371. 1914. 

Dana, B. F. and Zundel, G. L : A now corn smut in Washington. Phytopath. 
10: 328 330. 1920. Dana B. F. and Zundel, G. L.: Head smut of com and 

sorghum Wash. Agr. Exp. Sla. Pop. ^ul. 119: 1-6. 1920. Christensen, 

J. J : The relation of soil temperature and sod moisture to the development of 
head smut of sorghum Phytopaih. 16 : 3.53-357. 1926. Rei d, G. M., Rwabey, 

M AND Kolk, L. a.: Experimental stiidies m head smut of com and sorghum. 
Torrey Bot. Club Bui. 54: 295-310. 1927. 

2 TlLLETlACKiE 

Bunt or stinking smut of wheat (Ttlleiin tritici Bjerk.) Wint. and T. levis KUhn) - 
(See special treatment, p. 7 16 ) 

Black smut of rice (TtUetia homda Tak ). —Anderson, A. P.: A new Tilletia para.sitic 
oii (Jyza 'iutiva L. Bot. Gaz 27: 467-472. 1899. Fulton, H. R ; Diseaseh 

affoctmg rice. La. Agr. E.ip. Sta. But. 106 : 24r-2S. 1908. Butler, E. J.: 

i ungi and Disease in Plants, pp. 226 228. 1918. Teodoro, N. G. and Boqa- 

yong, j. R.'.eRjce diseases and their control. Philippine Agr. Rev. 19; 237—241. 
1926 

Flag smut of wheat (J/rocystis tnhri Koern.). — MoAlpine, D.: Flag smut of wheat. 
Smuts of Australia, pp. 88-102. Melbourne. 1910. Tisdale, W. H., Dunoan, 
G. H. AND Leiohtt, C. E,: Flag smut of wheat with special reference to varietal 
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rrsistanoe. lU. Agr. Exp. Sta. Bid. 242 : 50»-538. 1923. GBimms,^. A.: 
Experiments with flag emiit of wheat anfl the raula] fungus, Vrnryxii.' iriltn 
Kcke, Jlmr. Agr. Rex, 27: 425-4.5<). 1924. Noble, R. J.: Studic.4 in the 
parasitism of Uroeyalis trilid Kocm., the organism causing flag smut of wheat 
Jour. Agr. Ret. Tl ’. 1924. Vekwoerd, L.: The biology, parasitism 

and control of UrocysHs Irilid. Sd. bul. Dept. Agr. So. Afr. 76: 1 52. 1929. 

Rye smut [Urocyxtis occuUa (Wailr.) Rab.--STAKMAN, E. C. and Levine, M. N : 
Rye smut. Bui. Minn Agr Exp. Sla. 180: 1—19. 1916. 

Onion smut {Urocydis cepulat Frost). —Anderson, P. J.: llcvebpment and patlio- 
gfciiosis of the onion smut fungus. Mas.i. Agr. Exp. Sta Tech. But 4; 99 lift. 
1921 Walker, J. C and .Ioneb, L R ; Relation of soil temperature .and other 
factors to onion smut infection. Jour. Ayr Ret. 22 : 2.’)8-261. 1921. Ander- 

son, P. J. AND OsM«N, A. V.: An improved formaldehyde tank for the onion drill. 
Phylopalh 18; 161-168 1923. Zillui, H : Unw're heutigen Kentnisse vym 

Zwiehelbrand (Tubarcinia cepvla (Frost) Liro) iiiid .seiner Bekampfung. Cm- 
tralhl tittkt. Par., II Abt. 60; 5(>-.58. 1923. An'DERson, P. J. and Osmun, 

A V ; The smut disease of onions Maes. Agr Exp. Sta But 221:1-29. 1924 

Anderson, P. .1. Comparative siiseeptibilitv of onion varieties and the species ef 
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CHAPTER XXV 


DISEASES DUE TO RUST FUNGI 
URKDINALES 

i'he rust fungi or the Uredinales represent an order showing certain 
relationships with Ihe tnie basidium fungi, and because of these affinities 
they have sometimes been designated as Protobasidiomycetes. 

Nature and Importance. — The common name of the order has been 
suggested by the conspicuous orange or reddish spore pustules or son 
which are characlerisiic of certain stages in the life cycle of typical 
forms. The true rust fungi are obligate purasit^es affecting a few ferns, 
but attacking in the mam various species of seed plants (Gymnosperms 
and Angiosperms) The ravages of rust are known wherever plants 
are cultivated, species of the order being responsible for important dis- 
eases m nearly all groups of economic plants: cereals and grasses; forage 
crops; fruits of the garden and orchard; greenhouse and garden orna- 
mentals; and trees of the forest In addition to the species attacking 
economic plants there is a wealth of forma which are confined to we^s 
or to plants of no importance 

General Characters. —The following are the important characters 
of the grouf: (1) an intercellular, branched, septate mycelium (more 
rarely intracellular) containing yellowish or orange«-red oil drops; (2) 
polymorpdiism of spores, typical rusts producing a succession of five 
different forms in the course of the life cycle; (3) the germination of the 
teliospore to form a pr&mycelium^ or a sporulating stage independent of 
the host, rather than the direct production of an infection hypha; and 
(4) the development in certain species of heteroecism, or the separation 
of the spore forms on two separate and unrelated hosts 

The Mycelium and Its Effects. — The internal, intercellular, septate 
mycelium is frequently brought into nutritive relations to the host cells 
by the formation of specialized sucking organs or hauMona which pene- 
trate th^ cells. These haustoria may be globular, tubular, inflated, 
branched or in ball-like coils. Uninucleate and binucleate mycelial 
cells are charaf (eristic of certain stages in the life cycle. The first effeet 
of rust mycelium is not normally a killing of the host cells, but frequently 
a stimulating effect which may cause abnormal growth and centinuation 
of vegetative development. When death of cells occurs it ta generally 
delayed until the mycelium has developed spore fruits. The mycelium 
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may be purely local or it may spread extensively throughout smeial 
organs, certiw shoots or even the entire plant.* In the case ofiocal 
development, it spreads radiately from a center of infection for a few 
weeks or a month and develops a spore fruit and then dies leaving a 
dead brown spot, or in other oases the mycelium may slowly advance 
after the first spore formation, and produce other spore fruits. In most 
oases when there is an extensive development of the mycelium from a 
single infection the host parts mav be vanoiislv malformed, galls, hyper- 
trophied stems or witches’ brooms appearing with the suppression or 
deforming of leaves or flower parts. In many such cases the myoeliiim 
may be perennial within the host tissueH and continue to {^dvaiice as 
long as the host remains alive, or in other cases it soon pervades the entire 
plant and may continue to sporulate from season to season In otfier 
cases the mycelium may require more than a single season to reach the 
sp()nilating stage, after which it dies 

The Spore Forms. The follcjwing spore fruits and spores are produced 
in succession by a typical rust and each stag* may be indicated by a 
symbol : 

I 

H pores j Stage 

Pycniosnorwi (Sperrnatia) 1 ^ 

JEcoapor^ ““P 

Uredmiospores (I red<wiM>re«) Bed rust 
Teliospores (Toleiitospf>re8) Black rust 
I Basidiosporcs (Sporidia) 

1 

As s(K>n as mature or after a period of rest each cell of the teliospore under 
favorable conditions may form a four-celled filamentous structure, the 
promyrelium, each cell of whica gives rise to a sparidium or the fifth spore 
form. The names of the spore fruits and spores in parentheses were the 
-ones generally used up until 1905, when Arthur proposed the other terms^ 
which have now^been generally accepted by American workers. 

A rust may develop all types of spores fO, I, II, III, and IV sporidia) 
in the course of its life cycle, or some species may omit one or more forms. 
The kind of spore forms for a given species is generally constant and may 
form a basis of classification. 

The pyema are minute flask-shapeu or disk-like receptacles and open 
by a narrow pore or osliole, or in some cases by a wide pore. They are 
either subcuticular or silbepidcrmal, and the cavity is lined by hyphac 
from which rounded, oval or elongated, spore-like bodies, the pycni(h 
spores f are abstricted. These pycniospores arc pnxluced iti large quanti- 
ties and aie extrudetl from the ostiole with a sweetish secretion in which 
they are embedded. The pycniospores were suppos^ to be male cells, 
hence the older names of sperinatia and spemiogones or s|.)ermogoiua. 


Symbol i Spore fruits 

0 ^ Pycnia (Hpermogonia) 

1 I ^cia (iFiCidla) 

IT Uredinia (Uredosonj 

III Telia (Tcleutosori) 

Baaidia (Promycehaj 




V64 


MANUAL OF PLANT DISEASiES 


'rhf^^oycnia never appear alone but are always accompanied or closely 
followed by jecia or some other spore form 

The CBcia are globular, cup-shaped, tubular or irregular fungous 
fruit vS which burst through the epidermis or periderm of the host. In 
the typical form an a'cium consists of a membrane of fungous cells, the 
pend turn j enclosing or surrounding the central fertile portion, or sporif- 
erous hyplue which produce the one-celled crnospores in chains. The 
acciospores are mostly with an orange content, polygonal in shape from 





, P^io. 217. — SemuliaKrammatir repreat^ntatiun of spore fruits of a typiosd rust. 4, an 
sBcium vitil a&ciospores, B, pycnium with pycniospores, C, uredii.-um with uredinio- 
spor«i#l Di ieliuin wil h telioapores [^A ptr WettHtem Handbuch tier Syat email *ichen Botamk.) 


crowding, and quite uniformly exhibit minutely warty, external walls. 
Typical seciospores germinate by the production of an infection thread 
which may establish a new mycelium either on the same host or upon 
another one. This mycelium gives rise to either uredinia or telia, or in 
a*few cases to secondary secia. Four general types of fpcia are recognized, 
based on the presence or absence of a peridium and its character; (1) 
peridium entirely abisent or represented by a surrounding circle of sterile 
hyphfp or parrfphyses (Cseoma); (2) body cup-sha|>ed with the free or 
prtilruding edge of the peridium toothed (.Ficidium) ; (3) f)eridium elon- 
gated-cylindrical, straight or curved, find split into segments which 
recurve in more or less star fashion when dry (Rcestelia) , and (4) oblong, 
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{i^lobular or inflated with the peridium irregularly split or broken (peri- 
dermium) and confined to the leaves and stems c# (^onifera*. 

The uredinia arc groups of spore-beanng hyphje crowded together 
to form spore pustules or sori, which become exposed by the rupture of 
the cuticle or the epidermis beneath which they are developed. Each 
short upright hypha or pedicel cell produces a single elliptical, ovoidal 
or spheroidal spore, a uredinia^ pore. These spores are always unicellular, 
binucleate, with relatively thin, colorless or slightly brownish wall, 
marked on the surface with minute spines, needles or warts, and provided 
with one to 10 equatorial germ pores, w^hile the contents are generally 
yellow or orange from the abundance of yellow oily rnateriaL Clavate 
or capitate sterile hyphac or paraphysos are found mingled with the fertile 
cells in certain species. The urediniospores are easily detached from their 
pedicels and are able to germinate at once, forming infection hyphffi 
whicU enter the host through stomata. The resulting mycelium produces 
new uredinia, hence the urediniospores may be considered as a device for 
the rapid propagation of the species. They are formed in great profusion 
during the growing season and may be called the summer or repeating 
spores. They constitute the red-rust stage which is so conspicuous in the 
cereal rusts. 

In certain species of rusts the urediniospores may show a changed 
structure and behavior Tliey may be tliick- walled, have a pt^rsistent 
fiedicel and germinate after a period of rest. Tliese modified forms, 
which are called ampinspoiesj are found in seiiiiarid regions and are 
apparently devices for carrying the fungus through penods of extreme 
drought . 

The telia are spore pustules or son somewhat similar to the uredinia 
in general characters. They may be formed from I he same mycelium 
or uredinia may be changed into telia. ''Felia generally follow uredinia 
when these appear in the life cycle, but they never api^ear earlier The 
normal sequence of spore fruits freque.dly postpones the organization of 
U*lia well into tke growing period, or in annuals towards the time of host 
maturity. Either sessile or stalked spores, the tehofiporefij are developed 
lielow the epidermis, in the epidermal cells or under the cuticle, and form 
sori of various forms and size, which may rupture the host tissue and 
expose the spores or remain embedded or covered. Telia are dark brown 
or black, powdery or gelatinous or fone either cushion-like agglutinated 
layers or elongated columns. The teliospores are one to several or many 
celled, with relatively riiick, dark walls that are smooth or variously 
sculptured with striae, warts, reticulations, pits or spines or even extended 
int o finger-like processes. Each cell of a compound spore i^ provided with 
one to four germ pores (one in the majority of species), is binucleate when 
young, but uninucleate when mature, and can germinate independently. 
When separated from the sonis the ^dicels generally remain attached U} 
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the disposition of the stages may be reversed. A few of the important 
case^bf hetercecism rmong plants of eoonomic importance may be 
tabulated.^ 

Life-cycle Combinations of Spore Forms. — The rusts may be divided 
into two groups depending upon the presence or absence of certain spore 
forms: (1) the short-cycle species; and (2) the long-cycle species. In the 
former the mycelium from a sporidium (basidiospore) produces pycnia 
which are followed at once by telia, or the pycnia may even be omitted. 
In the latter or long-cycle forms either »cia or uredinia or both are intro- 
duced between the pycnia and telia. The short-cycle types appear to 
represent a primitive condition, while the long-cycle types repre^nt the 
highest specialization. The grouping of th? spore stages and the termi- 
nology of the spore combinations may be presented in the accompanying 
tabulation. 


Eu-forniH 

Opsis-forms 

Brachy- 

fonns 

Hcmi- 

forms 

Lepto- and micro- 
; forms 

Auto 

1 

Hetero 

Auto 

Hetero 

1 




IIIIIIIQQh 

0 

0 

0 

0 

0 


-0 


I 

I 

I 

I 





II 

II 



11 

II 

- 


III 

III 

HI 

III 

111 

111 

Ill 

III 

IV 

IV 

IV 

IV 

IV 

IV 

IV 

IV 

Ijong-cycle for. ns 

Short-cycle forms 


Classification. — The Uredinales form a group of very closely allied 
species apparently of common origin. Two series may be recognized: 
(1) those in which the teliosporcs are sessile or without stalk (Impedi- 
cellatse); and (2) those in which the teliospores are distinctly stalked or 
p^'dicellate, although the pedicel may be short or caducous (Pedicellata?). 
There seems to be no uniformity of opinion as to the families which should 
be recognized, but grouping them in the following five families is con- 
venient and affords a partial expression of relationships: 

1. Endophyllaceas. — Pycnia and a^cia, with cup-like peridium or with 
peridium poorly developed or absent. Spores are produced from a 
fusion cefl in chains with intercalary cells and are without perceptible 
germ pores as in typical seciospores, but germinate as soon as mature by 
a typical promycelium and sporidia instead of forming an infection hypha 
direct. Because of this behavior the spores may be called aKjio-telio- 

* See preceding page and also the special tabulation of the rusts of small grains, 
p. 794. 
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spores. This family includes the primitive rusts, the next step in advance 
being the separation of the single spore form into^wo: (1) the aecios^res 
germinating conidially; and (2) the teliospores geiminating basidially or 
by the formation of a typical promycelium. Two autoecious genera may 
be noted: 

Endophyllum,- -Peridium present, but sometimes poorly developed. 

Kunkelia . — Peridium lacking, the aecio-telia of the Cseoma type. 

2. Coleosporiaceee. — Life cycle generally includes 0, 1, 11, III, and IV. 
Telia forming waxy, bright-colored crusts or cushions of sessile, unicellu- 
lar teliospores seated on dilated hyphal cells. Teliospores of the indebis- 
cent telia germinate in situ by the formation of three cross-v;alls in the 
somewhat elongated spore, while each of the four cells forms a long 
sterigma on which a large sporidium is borne. The four cells formed 
within the spore are the morphological equivalent of the typical external 
proniycelium of other families. Urediniospores generally in chains. 
Two genera of the family may be noted: 

Coleosporium , — ^Life cycle, 0, 1, II, III and IV. ^cial stage on 
needles of two-leaved pines. IT and III mostly on dicotyledonous hosts. 

Oallowaya, -Life cycle 111 only, on Pinus. 

3. Cronartiacese.- 'Teliospores unicellular, not pedicellate, produced 
111 chains which remain separate or are united into lens-shaped, wart-like 
or columnar telia (Telial columns). Teliosy)ore8 germinate with produc- 
tion of typical external promycelia. Uredlnia |vaked or with a perid- 
ium. Urediniospores in chains or single. Two genera may be briefly 
characterized: 

Chrysomyxa . — Telia pulvinate; urediniospores borne in chains, 

Cronartiurn . — Telia forming cylindrical columns, horny when dry; 
urediniospores produced siiigiv on pedicels ' 

4. Melampsoraceae. -Telio.spore8 seated on inflated hyphal crfls but 
unicellular or divided by longitudinal walls into several cells (t,wo to four), 
not pedicellate, produced singly (I'rcdiniopais) or forming extensive 
palisade-like la>^rs one to several cells thick, whi(,h may be subepidermal, 
subcuticular or intraepidernial. Germination as in ( /ronartiacea\ Ure- 
diniospores mostly single, rarely in short chains, frequently mingled 
with capitate or inflated spure-like paropbyses. Mostly hetenecious. 
Only the more important of the genera will be listed in the following key: 


A. Teliospores unicellular, in a single layer: 

Life cycle with only telia Neciufh 

Life cycle with all spore forms: 

Toliosporc walls colored Melamfmora 

Teliospore walls colorless MelmnysoreUa 

B. Teliospores unicellular in more thain one layer PhnkoHiHtra 

<\ Teliospores tw’o to four celled by longitudi.,al walls: 

Life cycle with all spore forms; teliospores subepidermal . . . PucciniaitirHm 
Life cycle with *). I and III; teliospores intraepidf nnal 
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6. PucciniaceA. — Telia erumpent or covered, teliospores one to 
se^ral-celled, borne ringly on a pedicel or m groups on either simple or 
compound pedicels, free or embedded in a gelatinous matrix aud dark 
colored or nearly colorless Germination by the formation of typical 
promycelia Urediniospores always solitary Mem with or without 
pendium The family shows all degrees of polymorphism, various 
degrees of heteroecism and the most complete physiological specialization 
or differentiation of biological species that is known among fungi. Some 
of the genera containing important pathogenes will be presented in the 
following key 


4 Telioajwres unicellular 

Uredinia and telia aubepidernial Uromyces 

Uredinia and telia formed by fascicles of hyphae which protrude through 
stomata Hemileia 

B Teliospores two-celled by transverse partition 

Teliospores free, two or more attached by fragile pedicels to a common stalk 

T ramnehelta 

Teliospores embedded m a gelatinous matrix Gymnosporangiuyn 

Teliospores free, borne singly on long or short pecidels 


^la of the Cipoma type 
.£cia with distinct pendium 
Tehospores more than two-celled l>y Iransversi septa 
Teliospores embedded in a gelatinous matrix 
Teliospores free 

Wall faintly colored or c olorless 
Wall dark, and usuall> coarsely vcrnicosc 
Life cycle with all spore forms 
Life (>clc with 0, 1 and IIT, pedicel uf teliospores not swollcm 


Gymnoconta 

Puccima 

G ymnosporangium 

KxtehneoUi 


Phragmifhmn 
Enrlen 


In the North American flora, Arthur recognizes three families of rusts 
(1) Coleosponacece, (2) Uredmacea*, including Melampsoraceae, Cronart- 
laceae and Endophyllaceac , and (3) ^Ecidiacese, synonymous with the 
Puccmiacese The composite genera, Uromyces and Puccmia, have been 
hplit up into several genera on the basis of the spore forms m the life cycle 

Uromyces 

Life cycle with all spore forms 
Life cycle with 0, 1 and III 
Life cycle with 0, II and III 
Life cycle with 0 and III 
PutcmiA 

Life cycle with all ^ore form** 

Life cycle with 0, I and III 
Life cS^"le with 0, II and III 
Life c ycle with 0 and HI 


higredo 

Puccimola 

Klehahma 

Tdeutonpora 

I>»r(£oTna 

AUodus 

Bullana 

Mtcropucania 


6. Uredisaleb Imperfecti. - Certain form genera are recogmzed when 
the telial stage is unknown With the proof of the tehal connection, the 
species assigned ‘to the form genera are referred to their proper genera 
The fom genera are as follows 
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Pycnia and secia or lecia only 

Pendium absent ^Soma 

Pendium present 

Irregularly split Pendermtum 

Body cup-sliaped, margin toothed Ectdium 

Body tubular, margin fimbriate RoDsteha 

l^redinia onl\ or also pycnia and apeia Uredo 


Biological or Physiological Specialization. 'L he development of 
physiological strains within certain morphological species is e\en more 
pronounced in the rusts than in the powdery mildews Rusts ma» be 
monivorous, that is, they may be confined to a single host spt^cies or even 
variety, while many are plunvorous, that is, capable of infeelang many 
different hosts which may be related or unrelated Plunvorous spiecies 
may be autuecious, as m Pucama malvaceayunij or in heteracious species 
the ecia may be developed on several hosts and the uredinia and teha 
on a single host The most extreme type of thi^ class is illustrated by 
P sarcobati (P mbmten^) with 90 recorded cecial hosts distributed in 22 
families with uredimal and telial stage confined to the salt grasb, Dishchlts 
sjncota In other plunvorous forms theie miy be several hosts for both 
<ecial stages md uredimal or telial stages, or the a^cial stage may be con- 
fined to one or two hosts while the uredimal and telial stages affect many 
different hosts which are generilly closelj related The development of 
biological s[)eeies may bo expected m plunvorous forms The most 
extreme cise of biologic specialization is found m the stem rust of cereals 
(P qnimirns) See discussion of this diseiso; The existence of numerous 
biological Strains has als ) been demoiistialed m the other cereal rusts 
crown rust of oats [P nnonata) stripe rust {P barley rust 

iP di^persa), orange Ic if nis^ of wheat (P riitinna) and other rusts of 
less economic imp irt ince 

Heterothalhsm -1 hi recc nt studies of Cniige ( 1^27, 19Sr and othf*rs 
have shown th it cr^itain lusts it lea^t "re helcroth illic, that is, that both 
plu« and minus Tn>( ( h i iie pioduced I \ the gennini*ioi) of the bpondia* 
Monospondnl infer tions m such e>sf^ producr p\f‘nia, but geneially 
no rf'cia aie foirned It, howevn, pvcniospoies fioin p\cma developed 
on a pins mvceluini \i( mixed will the nectirfnm i minus pycnium, or 
nee lerm, i cia socui \ppeii In sudi hetcio** illic '■pecies the pyenio- 
spores seem to supply the opposite se'' eleiiu nl to ni>(clii fiom mono- 
sporiduil infeitinn , hut the e’^aJ mec » nisin of this pheni'inenon has 
not been demonsfr iti (t ^ J ickson tl931 his •niiggistMl that he^eiothab- 
lism may be the pnrmtiie and aiuvc^rsa’ condition in the present long- 
cycled specie^, with pycmospoies plavmg the" pin indicated, while in 
shoit-cycled species or in those with reduted life t>cle wfiieh are homo- 
tballie, the pycnia would b< functioiiless and may be expected soon to 
disappear from the life cycle The development or occurrence of homo- 
thallism W{>uld exfilim tlic fadure of f ci i to cvcle, while 
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tjje pereistence of pycnia in certain species is only the lin^erinfi; of a 
structure supplying *bhe “sex'' element in more primitive; species. 

Cytology of Rusts.— The aeciospores of the rusts are binucleate and 
the mycelium produced from these spores is made up of binucleate cells. 
This binucleate condition continues in the uredinial mycelium and the 
urediniospores are also binucleate. The mycelium which produces 
teliospores is also binucleate and the young teliospore cells are binu- 
cleate, but shortly before maturity, or at least before the formation of the 
promycelium, the pairs of nuclei in the teliospore cells fuse, so that these 
cells become uninucleate. With the production of a promycelium the 
fusion nucleus divides and the daughter nuclei divide again. The four 
jpromycelial cells are thus uninucleate an HI their nuclei migrate into the 
sporidia during their formation. The mycelium formed by the germi- 
nation of the sporidia consists of uninucleate cells and the pycniospores are 
uninucleate. The exact process, following infection by the sporidia, 
leading to the development of sponilating aocia is not entirely clear 
Recent investigations (Allen, 1930; Andrus, 1931) suggest that certain 
hyphte which grow up from the fecial primordium function as trichogynes 
or receptive female hyphse, while the pycniospores function as spermatia. 
The final result is the organization and production of the chains of 
binucleate aeciospores. The stage of the rust from the sporidia (basidio- 
spores) to the production of the fusion cell, the uninucleate stage, is 
designated as the gametophytic generation, while the balance of the life 
cycle is the sporophytic generation. In a typical rust there is then an 
alternation of gametophytic and sporophytic generations in the life cycle. 
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Kouubli, K In 8orauer"si Handbuch des Pflanzenkrankheiten (5te Auf ) 3 : 1-34 
1932 

STEM RUST OF GRAIN 

Pucama qramtm^ Pers (DtcoBoma pocuhforme (Jacq ) Kuntsse) 

This widespread rust of cereals affects wheat, oats, barley and rye as 
well as numerous wild grasses and pn>duces the condition known as ‘‘red 
rust or “bla^k rust This misleading term of ‘‘black rust’* is fre- 
quently used and frequently figures m the market quotations on wheat in 
the daily press Stem rust is a more appropriate term, as this species of 
rust IS mo^e or leas clos(l> confined to the stem and leaf sheath, and the 
term will serve to diatinguish it from the other cereal rusts, all of which 
also have s black spon stage 

In addition t(> stem rust, whpit is also al tacked by orange leaf rust and 
yellow strqie rust oats by leaf or ciown rust, barley by dwarf leaf rust 
and >ellow stripe rust , and rye by brown leaf rust and yellow stripe rust 
A tabular piesentation of the distinguishing characters of all the cereal 
msts wih be ptesented, following (he treatment of stem rust 

History Ih( M listing and milder ^ of bihlnal tunes was undoubtedlj due to 
rust fungi aihl Plmv and other fa rly Hotnan wrjt<'n> wert iamihar with * mildew and 
attributed it am other inisfortunoH to the gods or the stars According tf) Enkaaon 
and Henrnng 1 H90/ f he Romans bf lie\ ed nisi a curse sent on tht rn beuiuse of wisked 
and In I i a il ilu R^ilugaln or Rnlugalia — on Apr 2G, to propitiate Robi- 
gus or Riibigo a spec mi lusl god arnl thus proti < t Ihiir helds As late as 1733 rust 
was not bilh v< d to of fungoid naliiH lor Tull attnbuted it to thf atlatks of small 
msec Is ‘ brought ('vnue think) b> the east wind which feed on Hu wheat and leave 
Iheir exi retii as hluk spots on tlu straw »Steni rust w»s recognized as due to a 
fungus a d In^t nanud Piiccinia giaminis b> Pirsoon in 1797 

Tlu h( ig< on tlu barlx ri> w is Uun Bupposed to be an entirch distini I fungus and 
ua*' iiainfd hcidinm h(rb(ndis P< rs \ears befon the gem tu connection between 
Hu sc two Kiiius wis known tht barlx ii> was supposed to exert an injurious influenct 
on whea« ‘ Various suggtstions wert inadt as to the cause of this some afhnned 
tlu barbiriN bush ixhaitd a noxious ttfliivium, oiheis that* the pollt n of its flowers 
]xnsfmttl Hu whrat, oHurs again that it ippropnattd to itself ill tht nounshmeiit 
froni.iht sod in jls \ u init\ (Plowright, 1KS9) 

As f arh as iSOi Sir lostph Ranks wrott * Is it not inoii than possiblt that tht 
parasitu tungus oi tht )> irlxrrv and that of wheat aie one and Hn saint sptfus, and 
that tht setd is transftntd f»'oin tlu birbtir> to the com'' So (trtain was the 
Indiet in the injurious eflect of tht harbf irx that laws were past^ed for its extermination 
or forbidding its planting Sut h a law was enacted in Connecticut m 172b, and 
Massac Ku?t its passed a barbcrr\ law in 175'>, because ' it has been found b> expert- 
ent e that Hu blasting of w ht at and otUt i Engl sh gram is often occasioned by barbeny 
buslies to the great loss and daiiiagt t)f the inhabitants of this province*' (Mass 
Pro V m< e Laws, >7'i4 175 1 ) 

Marshall, working in England dett i mined b> actual expennients that the barberry 
as able to ^ause rust in gram (1781 1784) This was done b> plantmg barberry 
bushes m the muhile of a field of wheat The honor of being the first to demonstrate 
che connection between the barbeii\ /Eindtum and the Puccttwi on wheat belongs 
to Seboeier, a Danish schoolmaster He made many experiments (1807-1817), but 
among others earned lustod barberry leaves enclosed in a box and rubbed* their 
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under surfaces on rye leaves in the middle of a field when the leaves were wet w^h 
dew In 5 days*the inoculated plants were badly rusted, ^hile there was no rust 
at any other places in the field. His results were published by the Royal Agricultural 
Societ} of Denmark (1818), but this paper was altnost overlooked for many years 

At first uredmial and telial stages were also supposed to belong to distinct species 
of fungi, 'the former* bemg described under the name of Uredo frunierUi So\^erbA 
Tulasne (1854) demonstrated the genetic connection hetNvi»en the uredmial and telial 
stages in stem rust, and also showed that this ndation was a general rule among 
Uredinales It remained, however, for the classical ret-carches of De Bary to dem- 
onstrate the heteroDCism of stem rust and of vanous other species (1854-18(16) He 
reproduced the /Ecidium on the barberr\ bv inoculating with black rust and tf.<'ii 
earned it back to rye by usmg the sE^iospores 

Following the botanical corroboration of farm expenence as to the relation of the 
barbcn*y to stem rust, laws ^^ere passed bv Denmark (1809% Pruscia (1880) and 
France (1888) which made |) 08 Siblc the extermination of the barberry or restricted ifs 
planting, but m 1903 Denmark pas8<‘d a more drastic law w him stated that “ Barberr\ 
bushcL may onh be grown in such Iwtanical gai-dons as serve as part of an cducatioiiHl 
establishment (Lmd, 1915) The historx of the barberry m its relation to btem rust 
in the United States falls into three periods (1) an eaiK colonial penod, in whu'li 
special laws were enacted ref|Uirmg or making possibh' the cxtermmatHm of barbtTr* 
bushes (1760); (2) a penod of indefinite beginning, m yhich these old laws were 
allowed to go without enforcement and no new eradication measures were adopted 
presuinablv because of a growing belief that the barberry was onl\ a minor factor m 
the production of rust epiph^totus (penod ended with the adoption of the Barberr' 
Eradication Campaign by the F(^deral lA^partmeiit a*' a special war im^asure); (3) from 
1917 to the piesent, during which all 13 stat^^s m tin c railication area (Ohio, Indians, 
Ilbnois Michigan, Wisconsin, Minnesota, Iowa, Mebia£,ka, Nortli Dakota, South 
Dakota, Colorado, Wyoming and Montana) ha\( pashcd laws requiring barberr\ 

( radication, and are protected against the shipment of Imimliil barberries from outside 
territory into their confines bv a hpcdal lideral cjuar.od dated Ma\ 1, 1919 
In cooperation w itli the states inentiomHl, lh< Ofh( « of O^real Diseast In v estigations ol 
thi U S IVpartnunt of Agriculture has been umdieling a vigorous and bV'^teinath 
campaign within this eradication a:* a for tin txtonuinatjon of ’ill liarbcTneb harl>ormg 
the stem lUst Antibarherrv legis^.ttion was a'st> pas»scd in Alberta, Manitoba and 
Saskatchewan, the ba^bt^lJ^ bring jdacedon tlu noxious-weed list 

Two other lines of stud^ of sttiu lusf ha^ e been pioininent in ret cut vears tD 
tht recognition of sptcialized btrain& oi racd biological oi i)h\ siological sjHa'ies ^ 
begun w'lth the w^oik of ErikH84)n on founa sjunales (IS9U, and (2) t *8tmg and stdei- 
tion for rust resistance followed bv breeding to obtain rust resistance. Tlu’st special 
ized strains were called ‘ Schwebter-Arten (Sthiueter), biologibcht Arti n (Hobtrup 
1894) and physiological races (Hitchcork and Carlton, lS9t) Eriksson m 1S9* 
recognised five “forma? speciales” m Bwedcii Cailetrm m ls99 distinguished threi’ 
physiological races on wheat, oats, barley and rvc* (1; fnfici on wheat and barlev , 
(2) H€cahs on rye; and (3) avena on oath * * ''man and Johnson addini a fourth 
biologic species (1911), which has since Ihh'u held invalid Stakmaii and Levine 
(1922) separated a single one of these, Fucctnia gratmnu tntici, into 37* biological 
forms by means of their action on 12 “differential hobtb, ’ V gramtmx avence of oats 
into five biologic forms (1923) and P. graintms aecah^ into several Since that date 
the number of biological formb has been greath mcreased bv ttie workers from 
'Minnesota and other w'heat areas* 100+ for P gramtnifi trihay 7 for P gramimv 
oueiur, and 14 for P. granuim seoaha. 

Many observatkins have been made sihce the difference in the resistance of wheat 
varieties was first made in but it is ollly in recent vears that svsteinatic testing 
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of les for oomparativc resirttance haw beon earned out, and 8elw*tion and breeding 
expeninents for mat resist^nre have been in progress in North Dakota (Bolley, 1909 ), 
in England (Biffen, 19()7) and, since 1907, bv Canadian workers and by tlie U. S. 
Department of Agriculture in cooperation with the Mmnesota, Kansas and other 
<‘xpenment stations 

Geographic Distribution. —The stem rust of w'hent is presenu m greater or less 
amount in practically everj^ country in which wheat is grown. The records show thal 
epiphytotics have been }weva’*^nt m KnglHiul. Denmark, France, (Jermany and other 
European countnch when l^arlu rries were commonly cultivated, but that they have 
ceased entirely or become infrequent in tho8<" (‘ountni*s since the systematic eradication 
of barberries has lieen practiced In Australia and South Afnca the stem rust has 
been prevalent and serious even though the o^cial stage on the barberry is unknown 
or rare in that country In the United States, “the stem rust of wheat is of great 
importance m the hard-winter- an*! hard-epnng-wheal belts of the Great Plains area 
and in the states bordering the ()lno River In Marvland, Virginia and other eastern 
states it has been almost eiitirelv absent for many years, but is by no means unknown. 
In the interior mountain valleys betwt'vn the Rocky Mountains and the riierra Nevada 
Mountains, and in the non-imgatcd area of the Great Plains, it is only occasionally 
found and is seldom serious In the intenor valleys of California it is occasionally 
epidemic, though uslla^^ of alight importance On the coast of Cahiornia it is always 
present and almost alwavs virulent In the southern states only a small quantity 
of wheat is grown ind hire* the nist is otten severf' In the southern half of Texas 
it makes wheat growing u ha/atdinm u idertaking, and even m northern Texas it is a 
factor of great iinp»#rtanct The greiiuat rust epidt mic of the last decade, which 
was due to the stMti iu>r of wheat, 4)Ct lined u» and extended over the entire 
Mississippi Valh} oM ’] into thf wheat bvM ot th( C'anadian Northwest, bemg 
jiarticularlv severe in bpiing-wlieat {>♦ ll It invudcd tiie dry lands west of the 
Rocky Mounlains and c so^ ert tlu mienor v'lllevH of California" (Freeman and 
Johnson, 1911) In tei’ iin v ( Nuiu the a^u.il -tage on tlie barberry is either rare or 
does not oc(‘ur at all, a n Vj ^na, ct ntml India, S<juth Afnca, the southern United 
States and the Inhuiil Linp w ot the Pacific Northwest In some ol these localities 
stem rust often i‘' \ t ic \v luh in othvrs the Inland Kmpiie of the Paejhc Northwest, 

for example the disease \ onl\ laielv of any eionomu importance 

Symptoms and Effects on Grains. The onset of the (liscaso m a 
typical cat*e on a susceptible host is characterized by the appearance of 
elongated brown fir reddish-brown, gianular pustules which may burst 
through the epidermis of any portion of the plant, but are most abundant 
on Ihe stem and leal sheath, but not uneommon on the leaf blades and 
glumes This localization of these pustules oi vsori on the stem has sug- 
gested the common name ‘btein rust/' now generally in use. These 
pustules )f the “red rust or summer stage may appear without any 
surrounding ehlorfitic or dead cells, or in certain eases individual son or 
groups of son Tna> be seated first in a chlorotic area which soon becomes 
dead, the surr^.undiug tissue exhibiting a condition of hypc^rsensitiveness 
to the presence ^)f the rust In many of these hypersensitive areas the 
son remain small and poorly developed and frequently do not exhibit the 
characteristic elongated form In the extreme cases of resistance, a rust 
infection may be marked by minute yellowish or brownish “ flecks 
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which never develop the typical red-nist stage, ^nd their nature rust * 
Infections cin be detected only by microscopic examinations. 

As the season advances, the reddish pustules are gradually replaced 
by black pustules or sori, which occupy the same position or burst through 
the epidermis adjacent to red-rust pustules. This is the winter or black- 
rust” stage. 

Rust sori may be few in number or they may be very numerous and, 
when numerous, adjac/cnt sori may coalesce to form more or less elongated 
brown or black powdery streaks. The "‘red” spore powder is very easily 
detached, and the garments of anyone walking through severely rusted 
grain fields may be covered with the reddish brown-dust. 

In harvesting badly rusted grain, the spores flying thickly m the air worne- 
timps cause considerable irritation in the nostrils and throats of the men who are 
at work This is, h«)wever, merely a 
mechanical irritation, occurring only when 
there is a great abundance of the rust 
(Carleton, 1905) 

The damage done by rust may be 
negligible in case of light or late 
attacks or almost a complete failure 
may result. The injurj^ is due 
primarily to two disturbances in 
the nutrition of the host: (1) to the 
appropriation of food by the rust 
pathogene directly from the host cells 
m which it is living; and ^2) to the 
increased loss of water, due to the tte '3.nU of 

rupture of the epidermis by the rust the three ruete of wheat. A. Pucctnui 
son. I he photosynthetic power of - ^ 

the host is impaired and the shortage of moisture results in poorly filled 
heads and shriveled grains. Rust infections in connection with other 
fungi have been shown to cause considerable sterility (Johnson, 1912). 
This means, then, a reduction in both the quantity and the quality of 
the threshed ;.^raiii. 'Hus reduction in yield lags somewhat behind the 
actual percentage of rust ; for example, per cent rust gave 6.8 per cent 
reducMon in yield (GouMen and Greaney, 1930). Where drought apd 
hot weather coincide w^ith a .severe rust attack the rusted grain sufifers 
from drought much more severely than normal grain, and burning, 
with its injurious effects, is the result. According Weiss (1924); 
/^Accompanying the reduction in yield, there is practically as great use 
of water as in healthy plants, that is, rusted plants have a higher water 
requirement, based on yield of both* tops and grain.” Weiss places more 
importance on the drain on elaborated food reserves ai a cause of reduc- 
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{ion in^yield than on increased transpiration due to rupture of the epi- 
dermis by the rust son. 

Symptoms and Effects on the Barberry. — The barberry stage of 
stern rust first shows as a small, circular, yellowish spot upon the upper 
surface of the leaf, which increases in size to 2 to 5 millimeters or slightly 
more The affected leaf tissue is hypertrophied, becomes margined with 
a brighter color or reddish purple and shows a central cluster of minute 
honey-colored pustules on the upper surface (later turning black), from 
which ooze minute droplets of pycnial nectar, and a group of minute cups 
with ragged or saw-toothed edges, the cecia or duster cupSy on the under 
surface. Siriiilar cluster-cup lesions may appear on the fruits and fruit 
pedicels, and cause more or less hypertrophy of these structures. This 
stage generally makes ito appearance in June or Julj^ the exact time vary- 
ing in different r'^gion- 'The number of lesions per leaf may be only one 
or two, or they may l>e much more numerous They are rarely suffi- 
ciently abiindanl to cause "^crious injury to the barberry, consequently 
the conc(un which this pliase ot the disease causes is due to the passage 
of the lust from the barherrv to one of its grass or cereal hosts. 

Economic Importance. While rust has taken a regular annual toll 
in much of the wheat-pn^ luring country of the world, its greatest injury'' 
results m years of widespt cad epijihytrdics During the epipliytotic of 
1904, much of the graui produced in the northern sections of the Missis- 
sippi \ alley wa*- so bjdl\ shriveled that it was entiiely rejected by gram 
buyers, the yield dnipping to as low as t bushels pf*r acre (('arleton, 
1905). In this cpiphytotic the re'ductiori in yield for Minnesota, North 
Dakota and South Dakota, the important portion of the spring-wheat 
l)elt, was estimated in e\c(‘ss of 23,000,000 bushels, valued at nearly 
$16,000,000 



1 P^tinuitdl stein-uist lorts<*s to wheat 

\ ear 

— 

- - 


BushoK 

Value 

1915 

14 (X)0,0(K) 

$ 12,175,(X)0 

191fi 

1«4,20S,(XK1 

283.697,000 

19i7 

9,906,000 

19,838,000 

1918 

6tW) 0(X) 

1,341,000 

1919 

41,766,000 

96,446,620 

1920 

,51,973 (XX) 

67,850.020 

1921 

19,156 000 

17,289,340 

1922 

18,868 000 

17,578,210 

1923 

33,052,000 

28,354,240 

1924 

5,856 000 

7,484,720 

Total 

1 

379 450 000 

1 

$ 552 , 184,150 
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Estimated lofises from stem rust of wheat in tjie 13 barberry-eru-tiica' ' 
tion states ’(Colorado, Indiana, Illinois, Iowa, Michigan, Minnesota, 
Montana, Nebraska, North Dakota, Ohio, South Dakota, Wisconsin and 
Wyoming) for the 10-year penod from 1915 to 1924 as presented in the 
table on page 778 will serve to emphasize the magnitude of the rust 
problem during recent years 

The year 1916 was the outstanding rust year of the period covered 
with a loss in the Umted States of over 180,000,000 bushels, while in 
Canada the loss for the same year amounted to about 100,000,000 bushels 
(from data compiled by Dr. E. C. Stakman) The average annual loss 
in the barberry-eradication states for the 6-year period* 1916 1920 
is estimated at more than 50,000,000 bushels, while for the next six-year 
period the estimated loss was reduced to about 15,000,000 bushels 
(St-^kman et ai , 1927) This may bt* credited in part to the eradication 
of barberries and m part to less favorable rust years Losses have con- 
tinued to drop up to the present 

Etiology. -The stem rust of cereals and vanous wild ana cultivated 
grasses is caused bj the hetercecious rust, Pucnnia gramini^ Pers , or, 
according to Arthur^s recent nomenclature, Dic/Eonia porubfofme (Jacq ) 
Kuntze, which produces its pycmal and (raal stages on the rommoii bai- 
berry, Berbenb vulgarity and to a minor extent on some other species, and 
its uredinial and telial stages on wheat, oats rye, barley and about 75 
wild and cultivated grasses Within the morphological sjiccies P 
grarrt'imb the following biological species aie recogiiued 

1 P graminib trzhci Kriks & Henn on wheat (liiticuin &j>ecies) 
and barley, rarely on rye, also on uian> wild grassch, Hordeum, Agro- 
pyron, Biomus and Elymus siiecies Thirty-seven physiological strains 
of tntici were recognized I S akrnan and Lecinc ri922) on wheat 
(Triticurn vulgaie^ T duiuvi, T eompocidin), eininei (7’ diconum) and 
einkorn {T monoc4)Ccum) , but the lu mbei has sinci' been increased to 
over 100 (Wall^ice, T932) ' 

2 P gtaminh-^ avenn l>iks k Ilenn on oats, also on a nunibcu* of 
Wild grasses Seven phvMologieal forms of avena weic recognized by 
Stakman ef at bv the Ur.e of three differential hosts (1923) but at least 
8 an* now known This stiam can irh^ct hade> and rye in artificial 
cultures, but luily so rarely and weakU that it is probably of no impor- 
tance on these h(»sts m nature 

3 P gramifus secaL^b Eriks k Henn , on i>e and barley find many 
wild graases (14 biologic forms) 

4 P gtamnib pkletpyatemns (Erik^ k Henn) ^ k P on timothy 
(two biologic forms; and a weak parasite on oats, rye and barley, also 

"common on Festuca spp in nature 


^ Fkgtopath 22: 10f>-142 1932 
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5. )F\ graminis agrostis Eriks, on Agrostis canina and A, stolanifera, 

6. P. gramintH pace on blue grasses, Poa compressa and P. pratensis. 

7. P. graminis airce on Aira ccEspitosa and A, boUnica. 

According to Stakman there is no evidence +hal P. graminis hordei F. 
& J. on barley, wheat and rye, as described by Freeman and Johnson 
(1911), IS a valid biologic species. 

The enonnous number of physiological forms has arisen in part by 
mutation (Newton and Johnson, 1927; Stakman et al.^ 1930) but probably 
to a much greater extent by hybridization (Waterhouse, 1929a; Newton 
et aLj 1930; Stakman et al., 1930). Since hybrids are so readily produced, 
expenmenrally, it is only reasonable to expeel that similar hybridization 
occurs m nature. It seems that physiological slrains may flourish for a 
time in a given region, and then subside to have their places taken by 
new ones. 

In the typical life cycle of sl^rn rust tie lecjospores from the barberry, 
if carried by the wind to some susceptible cereal-grass host, germinate 
and reproduce an infection, uredmia soon appearing with the produc- 
tion of numerous xiredinio^porps These spores are scattered by the wind 
or other agents and spread the trouble, on the same host or on other 
susceptible hosts, and are thus rejieatmg spores, being responsible for 
the extensive spread of the fungus during the growing season The 
telia produced later in the season form fehospores, which remai« dormant 
dunng the winter and in the spring gerriiiuatc and produce typical 
promycelia and sporidia. The sporulia are forcibly abjoinie*! and carried 
by the wind to the barberry, on which ptirtna and (pcta are formed 

The mycelium of the nist develops in the intercellular spaces and 
sends small rounded or branched hau^toiia or absorbing structures into 
the adjacent cells, and thu'^ oloiains its loud directly from living proto- 
plasm The mycelium froni a single infection has a limited range, but 
soon becomes massed lieneath the epidermis and organizes a sorus. 
From this hyphal aggregate, short, elect branches arise which give rise 
to the urediniospores With the further development, the covering 
epidermis is pushed up and is finally ruptured, exposing the uredinio- 
spores, which are soon set free Typical mature uredinia are linear, 
2 to 10 millimeters or more long, pulverulent, yellowish brown and sur- 
rounded by the cleft epidermis The urediniospores are ovate, oblong 
to ellipsoid, echinulatc, 14 to 22 by 17 to 45/i and generally have four 
equatorial germ pores 

Under favorable conditions of moisture and temperature the uredinio- 
spores lodged on a susceptible host germinate, each sending out two germ 
tubes, one of which usually makes a more vigorous growth than the 
other. With short duration of moisture, for example three hours, only 
very slight infection results, but if favorable moisture is maintained for 
24 hours, the infection may reach 90 per cent, while over 24 h<»urs' 
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duration of moist conditions may result in 92 to 100 per cent ii^ectiop 
(Peltier, ip25) These germ t ubes grow over tHfe surface of the epidermis, 
and when a stoma is reached the tip swells up into an elongated vesicle, 
the appressoriuw, which lies over the alit-like mouth of the stoma. The 
contents of I he germ tube become massed m tl»e appressonum, which 
soon forms a fire branch that penetrates (he stomatal opening and swells 



Fig 220 t?poie truita and aporetj of Puctinui g’-amini'^ 1 tiotf»-&eotioii of a barlHJrry 
leaf showing a?ria (a) pyema jieridu of the. an la (p) upixr epidermis (o) lower epi 

dernuH Or) nornidi thn kiiesb of ltd (i) Hid thukness o< hviiortiophieu portion (y) I 
a young leriuni II section of i teliuin showing teliospores {/) epidernus of host (<'1 and 
subepidermal ‘^clerenc h> nia fibers (/>) III poition ol a uiedinuini with iiredm^oapores 
(ur) and rne teIi(;spoie (* f 1 an i J ofta \iehs 71 luJ 771 aft( r D* liary ) 

up in the substoriialiil chambei to firm a '^substomatal vesicle The 
contents of the appressonum and external hypha pass into the ^ub- 
stomatal vesicle and Miis gives rise to one oi moie infection hypha* which 
grow toward adjacent cells, and establish connecnon by haustoria 
Infection is now completed and the mycelium sjireadt^ rapidly from cell 
to cell, but large ](*af areas are not involved, the laige numbers of son 
representing numerous infections I nde! optimum eoiulitions for 
growth, uredinia with mature sjKjies may be develojied in b or 7 days. 
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The whole appearance of both fungus and host during the first few days 
after infection indicatos a 'fairly perfect relation between the two. The fungus 
{iourishes vigorously, while for a considerable length of time the host cells, 
even in the infected area, are apparently quite healthy. In no case does there 
appear to be an extensive killing of host tissue fStakman, 1914). 

The same mycelium which produced uredinia, may give rise to telia 
later in the season, the sori gradually chang’'^;:; black as the uredinio- 
spores disappear and the teliospores take their place. The teliospores 
are chestnut brown, oblong-clavate, rounded or attenuate at the free end, 
which is much thickened (6 to 13^), two-celled, slightly constricted at the 
cross-septuEi and firmly attached to the brownish persistent pedicel (up 
to CiP/A long). They measure 35 to 65 by 11 to 22 m, and each cell is pro- 
vided with a single germ pore, one at the apex of the terminal cell, the 
other just below the cross-partition. I’eliospore formation is more rapid 
at 70 to 75°F. than at 55 to 60®F., but those formed at the latter tem- 
perq^ture show an earlier and better germination (Johnson, 1931). The 
teliospores are not capable of germinating at once, but are resting spores, 
designed to carry the pathogene over to the following season. The 
period of dormancy can lx* greatly reduce-d by freezing and bv alternate 
wetting and drying. The shortest pcrn^d recorded from teliospon* 
formation to germination was 20 days, while 30 to 40 days was fairly 
common (Johnson, 1931). 

In the spring, under favorable conditions, each cell uf a viable telio« 
spore can give rise to a typical proinyceiiiiin, from which four H'portdui 
are detached to be blown away by the wind. These spondia cannot 
reinfect a cereal or grass host, and come to naught unless they fall on 
the surface of a barberry leaf Here germ tube enters the upper 
surface of the leaf, passing directly through the epidermis, and not 
through stomata. The resulting infections are of the lyjK? described 
under Symptoms, the pycnia appearing on the upf)er surface, while the 
of the characteristic iccidium type follow upon the lower surface 
It should be noted here that the mixing of pyciuospores of opposite sex on 
(he surface of pycnial spots is necessary for the formation of |x?rfect a?cia 
and ajciospores l'‘he separated ^eciospores are nearly globular, yellowish 
orange, with slightly roughened walls which appear alnuist smooth and 
vary in diameter from 14 to 26m- 'These spores cannot reinfect the bar- 
berry, but their function is to carry the fungus back to its grass or cereal 
host. They can germinate at once, enter the stomata and establish a 
parasitic myceliiiin which will soon give rise to a crop of urediniospores. 

It has been shown by Friksson and Henning (1896) and Stakman 
and Irvine (1910) that the urediniosixires of the various biologic forms of 
the stein-ruHl pathugeiie differ considerably in size, and the latter hav^e 
shown that the urediniospores become smaller when infection takes place 
under very unfsvorabU' environmenlal condilions or when formed on a 
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fairly resistant host Levine (1923) has recently determined the ** limits 
of vanatioix and the biometnc constants for l^gth and width of the * 
^ciospores, uredimospores and teliospores of a number of biologic forms, 
and concludes that “spore measurements can be employed as an addi- 
tional aid in identifying the biologic forms of P gramintSy provided a 
sufficiently large number of spores are measured for bo+h length and 



221 — Puccinta fframint^ A gerniinutiriK teliosporo (0 with promyrt hum ntl 
spondia (up) H a typical promytelnini ift<r fyln ru ( i pic f of epidi rinis from 
the under surface of a hai berry leaf with kc niuiiHtinfr s| c ncli irn (sp) uid iiifiilion threul 
(i) /> a gcrmiiiatiiiK urc dimospore ( l/hr iJf Ba // ) 

Width, and the spore'^ studied are developea on ‘ongenial hosts under 
favorable conditions He showed ti 

In general, the wheat lust (P qrarntru^ tntin) has 1 irj>ir s])orts ( ich type 
than any otl er biolopu Toirn Fht oat rust (P qrnmuns a7(na) occupies the 
second place the rye ru^t {P 0'amiris s^iobs) tlnrd and the timothy rust 
{P graminis 'phlei'prnU nn^) the fourth The redtop lu'^t (P ^qrnmints aqro^hs'" 
has the smallest spores of all 

A later study of 8 physiological forms of P gramtnts tntin showed 
them to be as distinct, morphologically, as tritin is from amrut or secahs 
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1928) Waterhouse (1930) found significant morphological 
<liffeiencofl in ii study (jii 18 physiological forms 

In some hetera^cious rusts the alternate host is absolutely essential fo^ 
(he p)erpetuation of the pathogene, as is illustrated by the cedar rust of 
apples In such a case the elimination of one of the hosts interrupts the 
life cycle and hence the fungus cannot develop. In stem rust, however, 
the pathog(uie is not so completely dependent on the presence of the 
alternate host, the barberry I'he lecial stage on the barberry cannot be 
formed unless susceptible grasses or cereals are near at hand, but the 
pathogene can survive under certain conditions on the cereal host when 
barberries arc absent oi when the lecial stage is omitted When bar- 
bernea are present and the <ecial stage appe*>rs on them, they are impor- 
tant agents in increasing the seventy of stem rust, and are believ^ed to be 
the most important cause of epiphytotics of stem rust When the bai- 
berry stage is not formed theie arc srweral possible explanations for the 
prostmce of ru^l in an en\ironinen( (1) from u red ini os pores which have 
overwintered on \ olunteer ccioals or wild grasses, (2) from wind transport 
of uredinios])oies from sontln^ui regions more northern localities, and 
(8) by p<^r‘'is1ence on oi m ^he seed 

It was a1 one lime reported that uiediniospores were able to live over 
the winter es f ii north as M ulison, \\ , iiid St Paul, Mmn Freeman 

and Johnson (19J l'^ obtain(‘d cv lnyii 40 per cent germination of o\ei- 
wniiteied urc dniiospon s on Am I ■> Vc<‘ordnig to tluse workers, from 
Kansas and Ohio southward not onlv do i legli cent of the spores 
ren am viable, but fnOi spuK can b( h)und at any tune during the 
wintci Th<" opinion b<.tn ^^pitsseil that 

V\du*ic snow It iium-. tliio'o/hout Hit winter preventing alternate freezing 
and thawing t)l niatemil thu^ tlu winUiing oi the uredinuispore 

j>erhap^, facilitat(‘d Jndetd it i vin jiuilMhU Itiat tin urcdiniospun '-urMves 
thi winter inoie easiiv in tlie Noith \tluie snow is lontiiuioiis during tlu winter 
Uian in lotalitie*- v\lieie snow (oveis the ground only ct inteiinittent periods 
li leeiiian 'ind John'-oil IMl 1 ) 

According to Stakman, the importance of t>\ erwintenrig uredmio- 
hpores as a source ot the first spring infiv-Mon^ luis been o\ erempluisizetl 
He states that 

til hundreds of expen merits,^ howt va, wc have never been able to deinoiibtnite 
that the u’'ediiiiobpoieb overwinteied in the upper lull ot the Mjssissiju)i Valley 
11 they do, they do so bo ran'l> as to be of no practical importance The old 
results were undoubtedly toirect as lar is they went, but iiiobt of tIuMU did not 
go far enough They found thit the spoK's retained their viability until early 
sjinng, but that is just when thev h)si it Sjioies tuuuently are viable until 
some time m Maidi and e\*n until eul\ m Apiil but then they die ipiiekly 

' l"!!)!!! letter 1 loin E V bt »kin m, Iniu, lU2") 
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or germinate m the fast lains of the spring when theie is nothing for thejn to 
inject and are.thon, of course hariiihss • 

Accoidine: to Lainbeil (1929), the o\erwintenng of uiedmiospores is 
limited to legions where tempeiature and raiiif ill t uor siucessne devel- 
oiirnent, alteinat( free7ing tiid ihiwmg being a Irmiliiig fa-ctoi I’ho 
wind dissemiiiatnm up the Mississippi \ dlry the list 10 days of May 
iTid the fust 10 davs oi June when stoni rust is it its height in Te^xas is 
believed to be cajiable ol c iiiying nisi to tin spnng whe il iiea in i days' 
time Tlie nuixemeni stirn lust from soul hem to noithcin ireiis nas 
been shown bv othoi ln^ ( stig itors to hold tiue toi Jauopcui OiiuiPnes 
It has reel ntl> been ( mplusi/( (t that st( m i li\ ( > ovc i on \olun1eer 
w^heat 111 Aiistialn a (ountiy in whnh the ))iib(irv st nu is eUber 
unknown oi i iie ^Mateih nisp, 19^0) \hu( KinOh il In*, been fihown 
(hit t^he poW(T to mioct ihr baibdiv h not bt^n losi m Austiaha, as 
was foMiier) V siipposi d WatdloU'.i 1929^ 

be iriiig on \ hr jiosMhihl if s < f wind I iaii‘-no! t it tn iv be noted ll^ d 
'hf un <liniospoi( s ti( ist oif *o d<^si((dion nul 9> < x]>os\iO " /light 
I^oilf V )bn‘n(vl igiMiiM* (ion dS' l/jHiuot dm ilu it e\]) 0 ‘-un on 
1 \v 1 { ell tii iss f )i J 1 <i i\ Ih s['oif r/f MuiH M' s h 1 \ ( iKeii'^hownto 
Min tiu u \ , ibihM 'it( 1 i\ lug in iiei 1) iiimn spt me n- for ra o l\ >>(11 

1 )n 1( nat h oj i h (1 ‘In ut< vlinio^ »>oks \ n h - • oiding i > t lie ^eiUjHn i 

liire*^ ind^ht rilitixv 1 mm 1 iiM oMla ij»’ i t his 1 m en ^hown Pel^ui, 
1922i tlud fngh Knipeiituus Imnm Mu [)m v u of gMininition ind 
'-oirttri till nbh |m noo whih it low teinpeiit ins Mu >{ oosile i- the 
Mill Vt mghiildivt liuiuidhits h p( mling on t lu tenijxn 1 1 me, t he {K't 
emu of gcrniiMtion is lf»w ind Mu ;u n id ol Mihilits shoM Mf‘(liuin 

hmijiditv I UA f 11 <(iiif)Miim» gMstlu iongi st Mibilij} I oiin 21 

0 19 per mnl nlitixr humid v i )f gi\e 10 ru r <.cnl gMinm ition it 
M e t ud of 1 \t n IMm 19J') 

1 Ik II u si^^i on « h< v s ui n 1 ‘u a < uid b( 1 i 1 ir i hM ohm s ind 

Mill b« eipdjli of nu mil i 1 m KUbdm I ‘IM iro(tnu) in^ 

lohnson (19 i n* jud m d i m jf i921 hi\ • un Mu j r( iliiiK of 

uri (iiniospoies in tiu. m in lust n gious b\ nu m ( t i u M pu, ind b> 

of spon Inns 01 Hiopiuus the list 1 »92 1 uisMiown I lie pieA- 
ah Tj(*c of the spores ol in'- tiuJ oMici lufigi n tin iippci ni i here 
can be no doubt Mint the interchinge of spore-, lu ud n ioc ilities is an 
imjKHtant means of spieading the rust 

The telia of P gtarnuus have been fo ind in Mu |)en( up of \\hr it ind 
oat kernels Thits location of the nist pathogene was noted in this 
country by Pritchard (1911) and the j»ossibility of such infected si'ed 
carrying the fungus to the n»w crop hat been lecenMy mve^tigated by 
Hungenord (1920) From large numbers of samples collected from the 
rust epiphyfotic of 1916, the largest pei cent of iniected seed was only 
abont 1 per cent of the total Undei carefully controlled conditions no 
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ruskappeared on plantw grown from seed covered with viable uredinio- 
spores or bearing sori ui the pericarp. At present the opinion prevails 
that stem rust is not transmitted from one wheat crop to the next by 
means of either contaminated or infected seed, bearing spores or dormant 
mycelium 

Brief reference nicy in' iiuule at this point to the Mycoptaam Theory 
of Eriksson (1897 an<l later) This tlieory recognized, ‘'besides the well- 
known vegetative mycf^liiim, another veg'native stage, when the fungus 
exists in the cells of the host jdant a formless plasma bo<fy, a sort of 
plasrnodniin, symbioticaily fused with the protoplasm of the cells, and 
forming together with thes(‘ a rHy/oplaam ’ This mycoplasm may lx* m 
tbjE' seed or otliei parts aiul iindei fa\orablc v'onditions “the fungus forces 
*ts way out of syu'buUic c<»iiiple\, penetrates the walls of the cells 
un<l de'^eiop^ an interc(‘Mulai mycelium This tlieory luis ))een entirely 
discredited by tl)(‘ of an! and others but stands as an illus- 

tration of ho^^ a i)re(H)nc(‘i\ e*f notion and a inisiiiterprelanon of obs('r\ a- 
tions led tc' the “weaUMune jK'rsistenci in an inherently improbable 
hy|)Othesis.” 

Predisposing Factors. a in.altu <»f lecord that \anous portions 

of the world hme been Msned at \anoUs tirnef- ^Mth epipiiytiuic? oi rtt<ni 
nivSl of unusual se\'ent\ , also ttiat iust nonnally occurs >n se”erf‘ forn. 
every year in some sections, while* in other.*^ it is normallv piO^ent v>iil\ in 
(races These \ariations m se\enty must dejHUui Lir^'cly <ji climatic 
factors, with tiie t)arl'< *t\ playing an important idle in some regions In 
order (hat an epiph\ i *tic may occur (tie following condiiioris must Ix' 
fulfilled. (1) a supply ot lu'^t spores on ih<‘ growing grain n, gi\(‘ ilu 
disease a start, (2) teinpi'ratuie aiid iinuHture conduion.^ fa\orabl(‘ for 
germination and infect ion. an«l (»1) a susceptible condition oi (he gram at 
the time sjiores are Ixung gencially disseminateci The first condition 
may be supplied by leciospores from barberries, wind-blown uredmio- 
njxues or o\erw'intering uredmiospores, one or several of these sources 
gerieTally existing Jiifeclion isfax (»rcd by moderately coo) temperatures, 
abundance of dew, anc* humid, cloudy or misty days, while sadden show- 
ers followvd by rapid clearing and evaporation of moisture are unfavor- 
able It ha.s been claimed that the most susceptible period in the life of 
the w^heat plant is from the time when the head emerges from the boot to 
the time it is m full bloom, thus giving a critical penod of about 10 days 
fur any one locality According to Siakman, this is an apparent suscepti- 
bility only, the more numerous infections at this tune being due rather to 
a greater abundance of inoculum. 

In explaining the epiphytotie of 1904, it may be noted that the excess 
of precipitation over normal was greater in 1905 than in 1903 or 1904, 8f> 
that, based on rainfall alone, 1905 should have had the most rust In 
1904, the temperatures were subnormal during the critical period^ with a 
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general average of 2.67^ below normal for Nebraska, Jowa, Minnesptu, 
Wisconsin, S^iuth Dakota and North Dakota. Tftese low lemperatures, 
aside from favoring infection, retarded the grow’th of the cron, prolonged 
and delayed the period of susceptibility and gave time for the develop- 
ment of increased numbers of uredmiospores I'he ini[K)rlanec of tem- 
perature and rainfall in producing an epiphytotic of stern rust has been 
empha.sized mo]re recently (Levine, 1928; Stakman and Lambert, 1928) 
An average 1ein[>erature of 64°F or higher with absence of firought condi- 
tions (al least 2 inches of rain^ during the two summer months is favorable 
to the appeaiance of se\ere infections, whih at 1eI^lIK*rature^ below bO 
io 61 ""F or with drought conditions, little rust wil! appi'ar 

Rust 1 *- increased in seventy by heavy appiicalions of nitrogenou.'' 
fertilizers ^Stakman and Aaniodt, 1924. (ht.SMier, and Ilasscbrauk, 
not hy increasing susceptibility but by the iiUTcaseO density f)f stand 
and delayed maturity The latter investigators have sIkj-w^ii that fxitash 
teitihzeis increase resistance hut may result in reduced yields Any 
i<‘nd<*rs uh)ch ncreasi density of growth, Mich as heavy st^'ding or an 
uiidergrovklh of weeds which iioid moisture and evciude the sunlight, 
increa.sf the seventy of rust Spring wheal geneially suffers more from 
ihau wl>^at, and Lite-seeded spiing w'heai more than earlv- 

S('e(i(‘d Thf sU/W-o'aturing cereal will 1^ the most iujurdl bv rust the 
lamd-iifowing the li ust, primarily hecausc the rapid-growing variety 
icaches tlie cnticai oeriod loi inatunng) be1(»re rust has had time to 
leacii Its inaxnnuui « i pn'valenee It is staterl that the epiphytvitic of 
191ti ohered m.iiiv illirdiations of the value of early stHMiing or the impor- 
taiue ot ('iirly- maturing vunetie*^ in escaping rust F<}i #'\ample, m 
C'amuia, Prelude wheat, ripening 10 to 15 d lys Uuore Marquis atiuost 
ontiniv escaped nist injury ' t^rackeii, 1017; It is well known that 00- 
(tay oji- will] other cpuck-niaiuring vaneties esca|X' rust when other 
viiietie.s With a lunge; period of giowih suffer severely 

Varietal Resistance. -It has long en knowui thud variviies of whea^ 
show marked differences in thmr suscepiibibty to rust, and i. has also Immui 
oliserv ed ihat a /vumWi/ opparently resistatJ in one loiaiity mny be tsevnely 
, anted in another locality, or that a variety may ru.sf one season but not m 
anothei in the sanu' locality. This bchav lor can now Ik‘ explained by the 
existence of biological strains m one locality th:u are absent fiom anoihcr 
Foi oarnplo, Keriarf, a variety very i<m bint in Australia, breaks down 
completely in North Dakota The studies of Ward (1905) and others 
have led to the conclusKfn that resistance is not de[>endeni upon anatomi- 
cal jK^culianties, but is physiological, that is, deptmdson physicochemical 
properties of the living substance, protoplasm This is smiported by the 
-retardatiop of uredosporc gunmnatioa by fillraU‘8 of resislam v^arietie.s 
(Newton, et aL, 1929; Kzekiel, 1930) The idea is advanced that phys- 
Tologic resistance is due to the hbefalion of phenolic compounds by the 
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1k>s1 cells (Newton and Anderson, 1929). The basis for this theory 
the reduction of infections of susceptible varieties by injections of phenolic 
compounds and the correlation between the natural phenolic content of 
a variety and its resistance. Acidity of the cell sap does not affect 
resistance (Hurd, 1924). in addition to fundamental protoplasmic resist- 
ance, wheat varieties may possess other means of defense, such as struc- 
tural peculiarities which diminish the number of infections or restrict the 
^»;iowdh of the mycelium after it ha.*^ become established. Hursh (1924) 
rod Stakman et at (1925) point out that the relative amounts of cfalo- 
rc ehyma and sclcreiKdiyma in the cortex affect rust development, since 
sclei ‘ncluTTia constitutes a mecliamcal restriction on the j^rowth of the 
mjcelium In addition to physu4og:ical and morphological resistance 
‘^functionar’ resistance has b(‘en offered hs anotlier ty|ie fHart, 1929). 
This functional resistance is due (n the daily rh 3 dhm of the stomata. On 
resistant hosts they open sh'wly and remain open cmly a short lime, while 
in very susceptible \aneties thc^y oix^n \'ery soon after sunrise and remain 
open most of the day This theory has not been substantiate.d by later 
studies f Peterson, 19ol). Kiist sjxirCvS germinate on susceptible and 
resistant varieties m the same way and enter the stomata, but in resistant, 
varieties later devehipment is nuidified acaa^rfling to degiv'e of 
resistance Tn cases of high resistanc(‘ oi immunity theta* is a killitig of 
the host cecils adjacent to the substomatai vesicle, the fungus is unable to 
establish hausLorial connectioiis and soon ])enshes. In if^sser degreea*^of 
resistance the killing of host cells may be delayed and a weak deveh.*p- 
meiit of mycelium may give rise to small urodinia and undersized urfv- 
diniospores tSlakman, 1914; .41Ien, I92:i}. d'he result is either sterile 
'‘flecks'' or uredmia surrounded by hy|K*rsensiTivf areas of dea/l cells, 
although in three re.sistant varieties studied by Meichers ami F^-irker 
(1922) 'dlecks are very rarely v. si hie, and in no instance have even the 
most minuie ure<iinia been <>bser\ed-” 

« In their studj^ of 87 biological foiiiis t)f gnjrninft on wh^aii, csTakinaii 
and Levine (1922) recognized the following groups: (1) ijrnnune—no 
uredima, flecks usually present, but .sometimes not evident; (2) vei'y 
resistant — uredinhi minute and isolated, surrounded by distinct hyper- 
sensitive arenas; (3) rnaderalely resistant — small to mediiim-sizt^d uredinia, 
with necrotic circle or halos, or sometimes in sightly chlorotic islands; (4) 
moderately susceptible — uredinia medium, coalescence frequent, no 
hypersensitive circles, but sometimes chlorotic areas; (5) very susceptible — 
uredinia large, numerous and confluent, entire absence of true hypersensi- 
liveness, but with chlorosis under unfaA^orablc conditions; (6) hetero- 
geneous — uredinia very variable, all types and degrees on the same blade. 
Of the 12 differential hosts used, none were immune to the entire 37 
biological forms, but Kanred was immune to IL Mindum, Amautka 
and Speltz Marz were very resistant or moderately resistant to a con- 
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siclerablc number of strains, while \oriial Emniei and Khapli Emmor 
were very resistant to the majority of the biological forms , 

In testing about 130 varieties of iMntcr and spring wheat, Melchers 
and Parker 11922) found that all \aneties of winter wheat were suscep- 
tible except Kanied, PlObb and P1068 Black Persian was the only 
spring wheat of the T^iiu dm vulgaie gioup found to be lObistant Later 
studies, h(^we\ci, huNC hhowu Kota ((lark it al , 192G) and \Aebfcter 
iStakman ei al , 1925) to be ^e^y lesistant, the latter resistant to more 
physiological forms than any nthei wheat Kanied has the followrig 
additional desirable characters as tested m Kansas vO yield of 1 to 5 
bushcL more than either Turkey oi Kharkof , (2) ’t iipens eailicr, escap- 
ing Uauvige from diought and hot winds (L it seems ti» be viorf winter 
hard> than other varieties, (4) it is more jesistant to smut than ninn> 
other varieties It is lieing rapidh established m luanv hiid-wmtei- 
eat areas and also a p<dentid value as e parent in breeding new 
arieties ioi rust jesislauct \aiietie‘^ ot om(s also show vaiiable resist 
anee to stem rust Parker (1918) lepoits rests of more th.m 120 strains 
‘ rnquestionable re^ ^^ance to stem lusi was piesent m two varieties 
White Tartarian and Raukiira Rustproof 

Prevention or Control In er/usidering the picverition of stem rust 
IT ma\ l>e noted hrst, that tlu diseast is not seo<l-boine, hence seed disin- 
ffotioji IS of nc‘ ciliu The t}|>e of the cfop w^ould make protection by 
‘‘praying iiupiactical e^en if effeetne, hut numerous test^ made by 
vLdlowav and fUlier*^ have sliown butdittle Ixnefit from spraying More 
recent tnih w^th sulphur dusting \Baile> aial (Ireane^, 1928, 1 amber ( 
and Stakuian, hav^ given a fair control, but the adoption for farm 

praetic< is unldeh 

in aieas in which rust injury ly be exfx^etisi att^^nnori should be 
given to {h( ‘'clectmn <jf eariv m during varieties, octding eaily rather 
than lat«^, planting wiiitoi wheat wtieuvii il is haidv, the ivoidaiKC of 
low, poorU dn5ined sites or tlu (xcts^vc application- of nitrogenou*' 
tertihzer*- (see Pre^lllsposlng factors, p 7Sbj 

Main 1 chance at the present is being placed on ont or borh of the two 
following measures (1) the eraduation ot rmberiies, whelli^^i growing as 
hedges or ornamenfak or run wilrl (2i the s(‘kction and breeding of 
resistant or immune varieties The v ahu (‘f b irlnnv eiadication in the 
prevention of epiphytotics of rust i- well iliustiated by the experience 
in Denmark and in England (Stakin' 192 L England has eradicated 
the barberne- without the ml of law ind black rust is almot^t a thing of 
the pad, but in adjacent ules, wlu u bailnTiies are still abundant, rust 
losses are ^e^lo^^ each year In I>Mirnaik, when barbernes were still 
nuincnuis, theie wire sr ue outbieah’^ of rust in 1893, •1895, 1896, 1897, 
1960 and 190L but in 19**1 an elTeetivo bul^rry law was put into opera- 
tion, with the result that no gerjr'ral outbreaks of stem rust have since 
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occun’ed In regions in which the cluster-cup stage of rust develops on 
the barberry the elimmation of this alternate host is the first step in stem- 
rust control The barberry should not, however, be branded as a general 
menace, since in many environments it plays no part in the life of the rust 
pathogene (see Geographic Distribution, p 776) This absence of the 
barberry stage is probably due to the inability of the telioapores to live 
tli'-ough the hot and sometimes also dry summers, since they have been 
shown to lose their Mtality if kept for sexeral months at 35®C Fhc 
barberry eradication campaign is complicated by the fact that this siirub 
has run wild m many sections of the eradication area, and by its ability 
to sprout up again from the roots when cut off or dug out Chemical 
treatments, (Thompson, 1923 Thompson and Robbins, 1926; are being 
recommended (1) 10 to 20 pounds of cominoa salt piled over the crown 
of a bush, or 'J) 2 gallons of sfKimrn arsomte solution (1 gallon of con- 
centrated sodium arsoTiite to 10 to 50 gallons of water) poured on the 
crown, the salt treatment giving the l>est results In 1923 over 5,000,000 
bushes had Ix'en rr moved m the eradication area from Ohio to Montana 
since the beginning of the campaign 

The Japanest or Dw iif balx‘rr> iHffbens thunhuqii) does not rust, 
and IS safe for oinamentMi planting h he distinguislicd from the 
dangerous common b<irberr\ B lulgati^) l)v the following a>mpanson 

fi I algan /> UnnhnQii 

Berrws In liki < urid.ntH Singk >i in t\\ >s nkt 

Iieave« Margin spun Uiothtd M-ogia smooth 

Hpincs IJHuallv in groups of Ihn * iHin)!' singlt 

h ianadejisis and B Jitdhi a»’e two nitive \ inetie^' ot lestncted 
range that carry stem lust, the foimer mainly in (he mourdairis of West 
Virginia, Virginia North ( a^'clina, tin latter in suiithein C'oloradi' 
Only the former is of impoi lance 

Mahoma or Oregon grape, closdv related to the barberry, is repre- 
sented by two sfieeies The tall Mahoma lAf acfuifolnim), wild in th^* 
Pacific Northwest and cultivated elsewhere, ma> ru&t slightly, and henci 
IS not recommended for planting in rust zones The a^cial stage of stem 
rust has never been found on this species m the Pacific Northwest but 
it 18 sometimes attacked by another species, Pue( inm fendleii 1"he low 
training form {M rppens), which occurs in the western portion of the 
eradication area and further west, never develops the tecia of stem rust, 
bu<; it 18 c( mmoniy affected by F mirabrhs^ma, a species of no economic 
importance 

Some progress has been made in tne selection and breeding of resistant 
or immune strains, but this work is complicated by the large number of 
biological forms of stem rust and their vanable occurrence in different 
envutinments. Oosaes have been obtained by Hayes et al. (1920) of 
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common, durum and emmer types more resistant than the resistaUt 
durum pareijts and later work by Aamodt and others (1923) has shown 
“that \arieties of common wheat may be produced synthetically which 
will be resistant to a large number of the biologic forms of stem rust “ 
The breeding of rust -resist ant varieties has opened an almost endless 
field, and numerous plant breeders ha\e made important contnbutions 
to this pliaae of the problem 


Referencefy 

kNfHi»i!.LER, <)m Hiit)erJ8sn skudt*li|^c ludrtxitlst Suflni (On thf pt‘nurious 
iiifliuiHt v^ln^.h the harheiiv » xern-tc 8 on ( trt als I amio* kommin'^ke 7 idemlei 
8 2K‘> ISIS 

1 u ASM* 1 It t ojkI no jnoiK siir I i dim ♦ s t M< s 1 ijjiim s 
\hl Bofutifiu) 2 (S 1 1) ISSt 

()i* Har^ \ \t m I nt< r^ui u ul>c r dn I imIiiimh insh <! I utw tier Puc 

nniaqrnnni ii d inittn nh h^s<hMn^l4U I(u{(u*r httfimliH MimeU^h**- 
K 1/ a/ / f / // HitliH 1866 1^ U) 

W *inn, FI M IlluMi mons oi Ihe stnn tnu oid lift lnstor\ d l^unmu y)ftrnifm 

Hoi 2 Jl7 ISss 

P«onKi(yai C H V i i )nograp/i of Mu t udm it in) I stii tp etc , pp 

I 07 1SS<» 

\ S VM) KM los M \ Si e >»id N port ui thi Fusts (if Kansas /tan 
J< , (( h (I 46 I 0 1SU4 

1 HiK sf N, I I Im 1 lu sp( < I ih‘'m«ns h ii i iti in is h( i ui n t u tn id< rosti Btr 
fjfi*^<h Hof 12 Fit IdUt 

AM ilhSMs \ Du (•(liMihiosi ihitusihuhi u \atur lovvu MasartRcIn 
^(gciidi siilun jKp 1 UD Sto< I noli I Is^i 

\u 1 1*1 nil D pi ismali<| u dt ((ilniiuh Urfdimis ( ompi Rend Utb d 

S(ii//(fs f I I <ul ! Set 124 tVi 477 

Car! nos M V Ciu il ’■lists m tlu In ltd Statis ^ S Ihpt {gi l>u 1 

r<Uh t Phqs Hid 16 1 74 

Kiihaiin H Du \m tsMiii^sth h n Kost pi)/< , pp 1 117 l‘)Ol 
( VRUION, M \ lii\( slij^ itions <d ui^ts L s Jhpt \q /Co I*i Ind Bui 93 
1 29 VK)k 

V\ Alii), H M Fh St imIusoi tlu pal isitis ot hiiiK* 1// H d 10 I 50 1905 

Cauilion M ^ 1 < 'isuii-, * rui I tlu j?i on ust tpulinu l‘)0l i S f)fpt Ifgr 

harmern Bui 219 1 2t I9i)5 

UoiiEY H Kust piohh ins lH<ts u!)S( r\ itions ind llutrts piMsihk intnna of 
(ontrol V I) \gf Ftp Sta Hid 98 t>07 t»'"2 J'MXi 

R \ Stiidus m tlu inhcntniiM of di»u ist ri-istuui lout \ar Sr 2 
109- 12S 1907 

Rolley, f[ kSonu results inJ ohttervtition noted in I itidiiiK » ( r* ik in <Hpe<iall\ 

prepared disease Kfinicn imer Breed *98oc Rept 6 177 1H2 1909 

Pritchard, F J A prehininary njxirt on the yearly oriRin and disaemination of 
PiLCCtnia graminis Tioi Gnz 52 109^-192 1911 

The wintering of Fuccintn gramtnm Irtitct F A H and Mie mfedion of wheat 

through the St ed Phytopath 1 160 154 1911 

hKKEMAi , E M AND JoHNBONt E C The nists of gram in tht tinted Statoa U S 
Dept \gr, Bur PI Ind Bui 216' 1-87 1911 

joHNHON, E C Floret stenhtv of iiheat m the south^^ist Phi/topoth 1* 18-27 
1911 



MANUAI OF PLANT DISEASES . 

iSTAKMAN, E C A stud> in coroal nists PhvsioIogKal races Minn Agr Exp 
Sta Bui 1S8; 1-66 1914 

— AND Jensen, Loitihb Infertioii < Ajiennient's ^Mth tiinothv rufit Jour Agr 

Re^ 6 211 216 1915 

Lim>, J Berl c nshusken og Be rbe nslc)\ t n (The n irlx m hush and its Tid^skr 

riantfvl 22 729 780 1915 

SfAKMAN, E C AND PiiiMEiBLL, 1 J A IK w stniiu ){ PuLCitita gramtni^ Fhytopalh^ 
7 7i 1917 

AND Biologic f(>rm8 of Phrcirmt ipownns on iirtaK and grasses Jour 

Agr Rfh 10 429 Vn 1917. 

, Paukfk I H AND Pj* MI lEiFL, 1 I Cinhi(»logi( lomis of sti 111 ni«t Oil wlu at 
change rapidlv enough to intcrfcic w th line ding for rust rcsntnncc Jour Aip 
Res U 11 12d L9JS 

— , PiijMUStL, J I AND JjI-mni IVI N Plasticii of biologic forms of I^unimn 
gramtm^ Jour Agr Acs 16 221 219 1918 

Parker, J , H (jincnhousc cxpciurunlM on Iht rust usmiaiuc of oat \ari(tus 
U .S Dipt Agr Hul 124 1 H> P)P 

Stakman, E C l><stro\ tin coiuinon Imitxrn f “s Dipt igr horoirs Hal 

1068 1 12 1919, r* vision I 1 '> 1921 

andLevini-, M N Effect tif c< rtaiii <* ologa li f h tors on tlx inorjihologN of the 
urc^diniosprin s of Pxrnxicj four Agt Ri 16 Is 77 19P^ 

HunCjEkfoud C IV Rust m sc < d w Ik it anil ds u hitu u to sc t dhng infc < ticm lout 
Agr Res 19 2'>7 277 1920 

Hayfs, R K Parkui j H am> Kiht/wiit ( \iti (uncticsof rust icsmtin < m 
croswcb of vane ties of htficnu \ ulnnrt w th \ me ties of P durum ii rl 7 c/jc tcrun 
Jour Agr Res 19 ^)21 >t2 »92(» 

\N All RUOiJKi , IV L A nol^ on t lx o\ ( isui one ling ot \c In il rust II Vi+i^lix \q 
inii. N So Ha/fs31 1(>> lt>t> 1920 

Mi I < Hues L L \Nn Pakm u I H Ku t Ksistniuc ii winte r w I e it ' arc tie- 
U S Dipt A(fr Bui 1046 1 i2 19*22 

^lAhMAN I (’ AM)ll>lNI M \ 1 Ix (l« 1 » 1 11 1 UIH t lOll I ) 10 l 0 gl( follUS Ol / wm XUI 

graitunis on liilicmn pj> Mnn iip J\p Sio hrf lid 8 1 10 1922 

Pn riFH (i Ij a studs oM!{ i n\ uomn' i t d < ondu ions nthn rung the dcvclopnent 

of stem rust in tlx ihs« n ol n i < iii tt< liosf I \ ef, \g P y Sta hi hul 

22 ] 1> 1922 11 26 1 >2 19 

Ailin,Hiiii a < \ tologx d sC u 1 ill* «cx 1 oi Hint md Kauic d he iits h\ Pui 

eirno gratmm h ha J m 1 p h 23 HI 1 192 > 

Aa*modi O Js IIx iidx I in of gr >\\ lli h d it m I n sist ux c* to ^ti u rutin t ( loss 

Ik 1 w < I n tx </ \ arx I X s ( t on i < n \ i i! It \tf /i 24 fiT 11)9 192 

111 1 D \n 'Jli M 1! \ (9 I 1 > in n<! itio I I \ i i t d r< si^t me < of m In it to 

leu Hist in I oil I 1 1is( I f / b/» A 23 17 > sSt* 192 s 

I^IXINI M \ A'^tdilid ^11 1 of e( >mpiT ti e nun ph ilog\ of 1 lologx lorn ot 

Pucnttiii gi an im f u i // A 24 > >9 )t , 192 1 

tSlAKMA^ 1^ C H> M > A V) C k \N (• ( AN D ( U HlsTOI HLU \\ N hpoKs X 

the iippc T iir Jit n \(p In 24 V)** o0l» 1921 

Barhiiiv e ' nix oio (u» nis i is| m \\ t Uxn I uiopi ( D( pi \qi 

'Circ 266 I r> I'lJi 

Llmm M N \m H\ii ^ I> !-» Biolog ( foinis of Puccinia qramnns ot 
A\cnisi)p Jout Ic// A<n 24 1011 lOls 1921 
Tiiomi se)N, In 1 \r?i) Du k son I 1 ighi mg l)l x k sti m lust ot grams On e radic it 

ing tlx hailxiiN 11 stah Ih p! Aqi Bui 66 1 2S P)21 
' - Kill the eommon harlxiiv \Mth elxmic iK V S Dipt \qr ( irr 268 1 4 

1921 



DISEA’^ES DUE TO RUST FU\Gf 


7«r« 

TThHiD, a M The cours< of irmwih pi nod ot vv)mh( wHli 

S|w»<*ml rt'forrmi tn sti in-rusf /ou) \<f 7 27- 72% 7:^> l')21 

Wf^iss, ^ rhf^ offiM t oi Hist inintion upon tlw \^ iti i no un me 'it oi Jot/r 

Agr lies 27: 107 llh J024 

iStakman, E C and Aa\i<)01, O S I [k itUf* tiildii/ir on ihi <li ^ < li pnu rd ot 
stem lUbl of Wheat Jom li// 27 h 570 1024 

Harsh, E R Mijrphologu il ujui i h\ siologii id stiuius oh nsistmii of w lu \[ to 
Purcinia qiamnu> t’TituL LrA A limn hur \(jj /Vis 27 411 ihJl 

I moN, L R AM) A iHNo I* i \o1i‘>onth( ( 1 111 d 1 < loll'- ndiiK m mg th( 102 5 
epidemif of sUni rust on win it in Jlhiuns J 14 oi lOO 1021 

Haves, H K Stakmav 1< am) \AMOiir O ^ Inlnrit itin m win it oi itsistarui 
to liliK k stem n)st !*h(jtnon0\ 16 571 ’>S7 102’) 

pARlNoru, J \\ Hr ifhtionoi oiumon 0 olx n\ l)uliistotlu tx < nrin<t oi him k 
sTiMh rust on whi.il \ id olhir wri in Olio ^)}ih) [)fpt An, of,/ 18 1 5S 

102 “') 



Ol ( (IMF . \ \M) 1 O) \ I Ini lod 1 tl II t P I I II gj ) ) 0 I| J l( |( / 0 ) 0 111 h 

1 1 n ill 1 /M ^ I i ^ H 111 1 O 

Ti 1 ill K Of ^ Ini I ♦lij I i Homo nt lion lion id'n* n lu^itln li\ilopmi)d 

vit-hii list m ii ) « I I) III il* in !)' ' ' f '/ 

IS, I 34 ! 12 10 >■ 

A stHd\ ot n\i nTiii nt I i nulMion n llin in ' ig lln i( \ i lopiin nt of vti m 
U‘'< ;n t In 1 > < in ( i ' i n i o< | ,, , jj }n)w.i ] \ % \ I \ / \fff [* , s//^/ /ih s Jlul 

36 1 II 102) 

L Ii\iM \l \ wDiouini I \\(l)-,tfi . ( oininon w In it II si>t ml 
to ttin niO l*h^i( iKilf 16 hOl nOs 102) 

W \i Ki- II \\ \ \M) Iiio\'i»->o\ \ I 151 n k ''■ti I 1 1 u^t md tin piogn ^oll)Mlf)r^y 
rradn.dioii in W iscoii'-in 15/ /s Ih fit \qi liul 68 I 21 102 > 


r94 


MANUAL OF PLANT DISEASES 


2 2 sj 

°i|si 
5 2 

"a cLd 

£ la I? 


^ n. i 

Fs^-s? 

pc'Sfw 

o a,o*< 

2 a ,0 *“ 


5c SO 

^ ij '=»& 

'a i; S " 'T 

§o5 

S 2 -s 3 2 ' 

ll<s| 


3»*>Sg 

^4.-0 OJ- M 


1 

s s|t § 

t: 4>53 Jrf c 
dS fi ^ « d 


^ 2 

o a aU t 
ffi hJ 


©a « - 

-s ?■ « s 

i? 5 :S c 


W4 >w;5 ^ *3 

O^ ^ 2^-5 ^ ft, 

V ^ iu 6l'oc^«2^ 

IrisS 

=£6'*^-“ 

£ w)S fe 2 -^ ^ £ 
iicJoEj.'SS.. J 

23 p PJil 3 S'®® « S 
^•g 6 o 73 pC^K. 2 « 


■^ 2 lllll 

-o 2 ^-S * 

|-g-|T5i 

M^lil 

® O O fc, O 

< 


dt-“ 'a~s°«s ^'"p-ss 

«S-a cSsSS" S“-g| 
gJi |i«<^=*H,S2i£S 
33 ► 3 3 >,c * £— .-« " 

O g Or •“ 0-0 O .S § S o fe 

i:- ® S £ 3 'o r. o " a ^ wr^;^ «v ft 
-Si l^'Sii 0*5 c; 2 co ^ gj 

c 5 a caoRS>»o«*-ift; 7 :;>^>. oa^oj 

52-^* 


>,o=: 0-0 

=2 01 afl *-' Q) 

J5 t; ^ o O 
So— >.15 ** o 


-Ss*' 

>. o ^ 93 o ' 

— 5 a3 o >• 

I'r if : 


i bfi^ic d c 3 Xt 0 -2 X 
: « 6 . 


625S4 

w o'5 g & 

J2r^-0-£ 

-g 

^ D C o 

g £ £.« 
e 

c: t* ^ 

1- oT g 2 £ 

o > iio o 

T 

'^'O >.K. o 


3 S^o 0 > 

bC -TiN V * 


S--5 

« g*-! 3*« 


3 2 e " ® 
V S 
C gi^ g C 

r-' g 

^0-3 
a-r vj 

& E. 


, - W a# ® o 

5 S « 2 o 
^ E a * ^ 


XI ^ d 

> o 

-J-o gt 

S P o 

^ O n) 


s s s — 

C,^ h 1^ gj lU ^ 

-o c 2 ^ S o- O' 


i( oC** ® • 


XJ^o 

= «*? K ^3 
0 O d o. ^ 
02“ " “■* 

0*0 !- i i 

■*''*' 2 2 " 

0 3* 
O'- or 5 

^ i' iU 

0-0 o o^ 

5 :' C* 2 

« 22 £ o-{ 


c *>» ® £ 
o 5^^ > 

S £ 

t, 05 Si — o 
3 C 93®?-^ 

oitsli 

Ig^i-o 

S tm? £ 

L^®o.s 

I "i-l 

*5 > - ® 6* 

5 oiJ 5 

§-5 rt-t-S 

® <« o- t 


H 



DISEASES DUE TO RUST FUNOT 

Clark, J. A., Martin, J. H. and Stakman, E. C.: Relative «uuceptihility of ai.HinK- 
wheat varieties to stem rust. U. S. Dept. Agr. Circ. 3 $ 6 : 1-17. 1926. 

Kiebaelbach, T^. S. and Peltier, G. L,: The diflferential reaction of strains withm 
a variety of wheat to phyaioloipc forma of Puc-cinia graminin tntin Neh. Agr 
Exp. Sta. Res. Bui. 30 : 1-15. 1920. 

Thompson, N. F. and Robbins, IV. W ; Methods oi eradicating the coinnion barberry 
L^ S. Dept. Agr. Uul. 1461: l-i5 1926' 

Aamodt, O. S : Bref'ding wheat f4»r resistance to physiologic forms of ileni ni«t 
Jour. Arner Sor. Agron. 19: *206-218 1927. 

Melander, fi W. AND Oraioib, j. H.: Nature of resistance of Berbens spp b) /b/r- 
cinia grorntniH. Phytopaih. 17 : 19*27 

Newton, M. and Johnson, T,: Color imitations in Puccinm gnururnh Inttn, PhyU)- 
pa/A 17: 711-725. 1927. 

Peltier, (i. L. and Thiel, A. F : Stem ruv^t in Nebraska Seh Agr Erp Sto /ic*. 
Bui. 42 : 1 -10. 1927 

Sl'AKMAN, F.. C, KlMPTON, F. K. AND Hl.rroN, li i) riu COTUKJto, bfolicirv find 
black stem riisi (I. S. D(pt. Agr Farmer^* Bui 1544. I 2s 1927 
Bailed, D L. and (jIreanev, ]^ J Dusting with sulphur lor control of Icuf and 
Rtein rust of wheat in Manatoba. NciVnt. Agr 8: 409 192 1928 

IIarhinoton, ,) B AND SviTU, W K. . The react ion of wheal plants .-d t\\ > stjtgeH ft! 

growth to stem rust icrit \q7 8:712 -7*25 19*28 

Levine, M. N.: Bioinetncal studies on the variation \>f phvsiol(»gie tonus of PiU'cuna 
gramuus Mtici and the etTects of ocologieal factors (»n t la snspcctibility of Aheat 
vaneties Pkytnpath 18:7 I2d 192vS 

Stakman, F (J AND Lambert, E H d'he relation of t(’Mipenitn»e during I lie growing 
jseason in the .spnug wheat area of the Fmted Stales lo tlie oecurn*nce of stern- 
rust epidemic^. Phytopalh. 18:9<19 974 1928 

H ART, 11 Relation of stonuital behavior t(» steni'ni.st resistance m wheat Jour 
Agr Res 39: 929 948. 19*29. 

Lambert, E H * Tlie relation of weather to the development of stem nnt in the 
Missisaipf)! Valiev Phyiopnth. 19: 1-77 1929. 

AND Stakman, E. C. Sulphur dusting for the prevention ot steoi ru^t ot wneal 
Phytopath. 19 : 631 -t*sl3. 19*29, 

Newton. R and Andeilson, J St idles on (he nature of rust resistance ?V 

Canadian Jour Res. 1: 86. 99 19*29 

Newton, M , Johnson, T. and Brown, \ M Reactions of uhem vnnotirn m the 
seedling stage to physiologic forms of . uennin grarntnis frtlin Snt'nJ igr 
9:65tV661. ;929. * 

Newton, R, Lehmann, J. V. and C^.aiike. A E* Studies on the natun of niM 
resistance in wheat: 1, 11, III f'anadtan Jour Res 1: 5 35 1929 

Stakman, E. C , Levine, M N and allace, J. M : The value of pbyKiologic- iorin 
survoya in the study of the epiileniiology of stern rust Phyto'fTnth. 19: 951-959 
1929. 

Waterhouse, L. : A pre!iininar> nccoun* .*f the origin of tw(j new Australian 
physiologic forms of Pi/cc7Tiia grromtm-v /rifi "i Prnr I Ann Soc S So 64: 

9<FJ06. 19*29 a. 

— ; Australian rust studies! I. Proc [Ann. S<»c. N So. Walt's 54: tl 15-680 1929 h 

Ezekiel, W. N.- StudJes on the nature of physiologic resistance to Puectnia graminis 
iritid. Mtnn. Agr. Exp. Sla. Tech. Bui. 67: 1-62. 1930, 

Gordon, W L,: The effect of temperatun' on host reaA'tions U> physiologic forma of 
^ Puccinia graminis aven<B. SWenf. A^r. 11: 95-103., 1930. 

Goulden, C. H. and Greanby, F. J.: Th^ relation between steni-nist infection and 
the yield of wheat Scient. Agr. 10: 40,5 -410. 1930. 



^ QG MA \UAL or PLA V T D/SEA&ES 

Nr WTON M , Tohnbon T AMJBnow^^, A M Aprrliminarvstudvonthehvbridi/a- 
tion of pli\sioIogK fornir^ of Snerii Agr 10 721-7U 

l<i^0 

ANr^ \ siuav of th( in.h(ntan(< of spon color and palhogtnuifv Jn 

frosc*^ bf (\\ cn pi \ ''lolop’i^ of Pucc nia gramiri^ irtiict Smn< Aqi 

10 77 » 70S BHO 

^r\K\fA\ L ( VM I) C 1 he ( omiuon Uartx rr\ iii i hla( k st( in rust 

U Sf I}*pt Agi la-mer Bui 1644 1 2K 1930 (Rc^ J S44 1927^ 

I i-viNP M N \Nf) OTTFK R I Orig ii of I li\ ■•lokgK f )ms of J*iicnn%a 
gratmni Ihrougii hndi' itio i Orient A(p 10 707 720 lO^O 
WATFitHf i r I Aiistra j in lust dinlus II Prat Itn^i ^oc ^ Si> \\aUi>b5 
159 178 19*^0 

G AM> K\shHiKAtK K T h t < r iH hij ng( H ul ( T dit B(/n}mng(i h( n 

Mnii niU d7< rn il rung ind 'V<rlMit<n }• r (i< I t uh pfianzcn R('‘*t Phg 

U}[Hiih Znt^fhi 3 ^ 35-017 1931 

1 )H\soN 1 \ ‘5tud\ of ih < Of ( 1 (t ci vir )nni( nl vl fjulor^ on tlx \ ii of 

phvsiolojTK ioriii^- of / u mm g am ri t iHn Caaada Ihm ^qr Bui n s 

140 1 70 19^d 

pT.rvftsoN HI ^t( n it il hi fi im >r in h li i ii to t reeding of wheat ^or le’distarid 

, to atom ru-f ^ci(7it Aqr 12 15'’>-17i 1931 

APPLE HUS'! 

Ogmnosporaiiqi u/n jurnpe / urginiancr Schw 

The (ommon last of ipplcs r (if ^h( Rocky M Hirtoas, ^hicb 
fr((iuentl\ spoken of as cc i^r rust oj the Cidxr-iust ih>( )( ipples 
has bceoim so widespread in (hit section i*- to gi\( ru a»1\ is nnuh con 
cern as apple sc A) or tire I lie,ht In +hc most fi\ untile kicilities it has 
de \( loped to such in extent issctioiis)\ P ih (<iT(PtlK produc ti\ eness of 
ippic' uichards 1 lu fu igos wlitli < oise'^ ilu disc i^e pi^^e i put oi d'* 
life c\ le iijK)n the haw fiuil n d twu;^ of the p])k producing ilu 
e li cr u tenstu /i/sZ ^pot^ whih ipor. the dHiirnon cedir { J ur ptms ^ /- 
(pnioffi) it cau-^e-> tlic f inwtn » / the wellkncwri whI ii iftplcs oi 

cf(kir galls thougiii h> sunir looe\elopthe cedar flowers 

' History Vitlu i c tlx oigir lisjonsiiii f i thi distjs \^is first #i( sc nh* 0 b\ 
S( jiv\ < 1 n1/ III 1S22 r 1 \ i slichcjinMil c (ju< i t is 1 \ oiMoiogi'-w it a is not 
intil m iii\ \ c ii- i it » til he tr ul K i « u i Mith c tb sc nous tic i I loi ^ roti < c 
ncismcs Contiil rn< i lies wcic cinsnhnci i itlioi igi^is n i iiuinbi r of th( 
istiin Wtes al ou tiu s ui < On Ii iSS) ( iUovn i\ of (he t s OcpdrtnKiil 

)j nixnuii ui sj r muj. x,crjiii il ciiiidnfcc* jt \ inland N ] in 

ISHH while llil ted in the si e i ar e oi sale n 1 Ihe po^**ibil Ia of sonit varieties ol 
iultiNf-tCii apph s beint, in ni susiiptibi (hin otlieis lories woiking iii \eriiiont 
ni l^S9sp^a\«d ip| 1< ti es fi mI a t st with unniom le il i oppe r c ai lx nute i n<l 
lejKirlul the n suits 2 \(iiis liter Flu e first ixpii merits liowid little fitnt fit trim 
spiaviiig but worl w hi h !i elid \( ii litirgive fiiilx good results He (onduded 
fie)\M\(r tlv it ipr IS mg w IS not avir\ pi n tn il nu thod of control In 1S92 PfliiiiiK 1 
rcrxirtid spriying the wild crab tor eidii lust fail the dise ise w is not pre\al(iit 
i>ii apples in low i it tint ttiru Ihe hist le e oinnie iidatioii toi the eenitrol of tIu 
Apple lusl f)\ ele strosing tni ceelii tices was made In Ioik'> in lS9i who n |K)rtc*d 
iintgual results from the creation of a cedar-frex zone for a radius of 1 mile around 
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-MU oithaid that had suftoml sc^vinh By 1001 the diM vs. imint liivt !«•( u fairly 
prevalent in the South d> Austin reported on spraMnK«e\pf^riin( ntti in Alabama 
The disease was first n ported to afieel applis in Wisconsin Iowa, Minnesota and 
Nebraska in lOO^i, although thf fungus had long bun known on its oilnr hosts in 
that Unilor\ A(t Jidiiig to PhiijuuI "^lun \^a•^ i (\(ii ourbuak ol tin apple inst 
inlowsinttu suu*n(j(>f 1904 inrl uljatuit logions sufk n d to nun h th< smut txttnt 
In 1005 hiim rson uported on UKC^ssfuI spraMog < xpi mnu uiirtd out at the 
Nebraska Lxpinmtnt St ition Ihf following irtln iut)i<>r tv gaii u ipu ml atud> 
of thi. nut problem lu the s tint t t( gi\ing])irtR In ittuilion to tin Idt h^st^^^^ of 
th( causal fungU'^, ind to the jiossibilitt ot loidioMing ih* disc tsc or the ahtinatc 
host, ^ he cominonecdai thensuus ipp* iring ir 19 )S Hetw en IMIOjtnd 1 ll'lfppli 
rust was the subject of spu id stud in New \oik])\ Stc \n irt (1910), m W iscoiuin b\ 
Jom^ xnd liiilhoioi cw vl911 lOK) n \l diain i In I iov I 1 Ml) m Nebraska b\ 
Tejons (191 in West \iiguii In ( iddn gs uid i‘-s. tints (1911 191^ 19tS) in 
\iiguin h\ Hre 1 md co-w iritis 1912 l9li 1 fij i Sfiiii t’arolini bv hulton 
1)1^) i» 1 V rgiii t In I c > on t irid ithcis 0^1^ l‘'^t IxOu-nc technical 

Sind 1) tvi i 1 1 n publi'^hc.d 1 v Kud an M ralnli m \ nguu i M >l > ind ( ud lings irid 
lie rg u V\ st \ ugii IP f 191 1 \nu i9IS I pc \ olun c or v\ork it j t d bv I xpciiinud 
Statue vxcjrvtuiirc cd \ i^! n be Idci i*' cii iiUcatior f the s(vei'\ 

» d iiupoiluu tii ipplc TU'^t i >r buctdut i ( 

li Nugiriii ai i \^<st V rgini i iht stvtu cpichmu^ol !910 nid 1 ' erved as i 

ptc tiniilu^t) lu t; d »f tm cccl u lU'-t pi U)1 ii r '^oti tie Id an i bibc nlor^ 

1 1 iJii,. 1 1 )1 1 r f \\ ( \ 4 » i i M I t ( 1 )p P t r M HI 1 )i ’ i j u li ( work 

n li( dc 1 K *1 r til i I nt n ol c nl i ilbiig 1 w 1 i c a n u (^c 1 1 Ru t 
I IVN w M iMt (1 r % i (. 11 M M nil t He ti\ i 1 ) M I? 1 1 on oi n1 u “ in w iic h 

h J iw ti t** I u ! c Oj't M i nit I xct 9 1 r ib h iv bt tflaiihcibx the 

’ s n r r o c((* dt‘i > gh ir > p’-oli ^t ^ c o# n n idc l\ owners >1 

d lir ' 0 

(reographu Distiibntion V t irdit g i > timdug t i < nu c r i ( ol ipplis is 
il c iiHt dill <1 tnruiphoit t istt»i ind i itrd pciiim^' ti Irntt 1 States 
* in M UJ fri j Ic n ill m I •■1 m r 1 S >u j J > u t * i ' i i U m an i 
Okl nu b 1 r n h • i o i c u t MU ino ^ uid lu ii o I i \ i k i I ut c < rii tt 

t 1^1 bo bn III 1 )i * b n 1 il I 1 < he 1 t »n I he (dscasc 

{ 1 ^ > h i III tir ( t| I-, git }U< jt \ r t V n ’ i J n ■ nir d Mpsi', 

sipj. I \ 19 tn 1 ni th< c iin x < re ml i pf»u li 1 i t \ n n i on t \ ugin i 

I lu ur u^' d d« \ f iop ru r ‘ i t It bs hmc u nut I \ i s i 1 w u d I r j I t si c mu b> 

Imu bftn 9' b tc k tor* tir^ tie fur v m r pr •( i p t ling bu icdiii 

*rf( IS i \in 9 r^id i.rc* uu^ >ri 9 ird^ ml » rn ^n 1 1 tli hum i;rouncl*«., 

( ( oncl t)bc Irt pu d u-^c i‘ i vt r> susccptddt \ ni I « u V dt s In Virginm 

rid Wc'^t Vug nil the coinuoii icdiris \tr> in u h ar n )i i ds n mn indu itis 
uruperns mq))inrii) rod is f tcpiint dong tiit loilsi (v n i the coninuiiid 
tppk distill t 1 hih 11 iti lal di trdmtjon it tht 1 i uul its n icb rip’oduit )ii, 
coupled w th Iru ext nsiv^ oIuj *^mgh of anobui vc ci jdd li iiu tv >1 apple , tin 

\orkliuponil g«\» 1 h al ( OI ditioiiF and ‘ ee 1 n iiist hr t uul \ xtc'ijit tml inuhi 
plied vl romme 19 iS) 

Symptoms and Etfects on Apple Trees I ho n’si jltecls iea\es, 
fruith a^Kl TPore r irely the young,, tender twigs Lt if bt icks uie common 
throughout the rangt of tht disease, and in '^oTm loedbits eonsiilute 
the main phase of the trot l*9‘ 1 he rust fust shows on the upper stirfuee 

of the leave‘s as pale-yellow spots about the size of ,i piiiheid, being farbt 
in evidence about 10 days aftei ttip ‘‘cedar applet on adjacent cedar 
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trees have been m the gelatinous condition The spots increase in siase 
and assume a deejx^r «jolor, finally beroniing orange-colored, frequently 
with reddish borders. Minute pustules appear in the center of the spots 
and these sho\v later ae small black specks The leaf tissue beneath the 
spots soon begins to sweh up in case of well-separated spots and produces 
M cushion or blister ^4 to inch in diameter Minute tubular projec- 
tion-i, ihe cluster oups, appear on these cushions, and when mqtuie 
llsU‘ June and .July' spbt open and rectme thnr walL, so that each has 
a ^tellatr apoearance In tire bottom of each open cup a mass of brown, 
powdci} spores produced While the above mav bf ctm'^idered tyjacal 
f< r leaf infection®, the attendant symptoms may \ ary The two pnncipal 
(livmtions an due (1) to numen^us mfectiu'^s in ®usc( jitible taneties, 
i2; to aboi^«‘d infections or* lesistant xaMcIms Tlii si/c of the spots 
\m 11 vary witn thf number of lufeciion*- jK*r kdf, v\hich may tie a‘' high as 
20t^ to ,^(M) in the cm'^c of susceptible vaiutiis si irvling ( U/se to cedar 
tree'" With \ iMiri'lier of iiifei lujit*' the sp(Us nmain small and 

eoulesif' !Ti (5 iii m oit th U.nes mi^ Uiin ^^i!ow aid fall bffore 

ihe cluster fups ire jonne''! Ib i\il\ infict*d leav^'* m in nioif 

or less cnrli d v>t Tilled lii(uf'n oittie** ill •tiio'* ni*\ u s’U m tlx 

foimanoii of eiu idai 1 1 a ^pM ' inMi ot ‘-hghtl> m xf 

ill diametei \vhKh •^hov^ n inub bli^t lejsti t*- \u i’( mtej 1 hesi 
infections stigg* ]( d *'p<* da <0 >mp»ihvt tim^i lh (eiiliil (Ucnie 
resembling p^<.nidii 'I'he^t aUitcd infe^txus ue\(i mist on funher 
devel<»|)mont Soiix t ii*x *h(Ma^l s])oIk leii jn n ouji iiid uiuie\ eloyxd 

lor (he enure s<\i‘-uu e( times not o\cn b* int: ibU tt ioni die p>enit 

TIu abviiud mbtii ns are foui d eithtr on resistani \ irn ties (u on 
suscepfibk lanetios vshich leiie been infected alter the lea\is are nearly 
mature 

Kust lesions ina> also ijipf ai on the loung twig-^ susceptible 

\<tneties, but thej ir* laie in tonueiii'-on with leal and fruit IcsKUis 
Affected twigs will show shghUy erilaiged cushion** co\eucl with the 

charactensne cUi‘^t<i iups Tlx}^ may appear eithn atMlie nodes and 

surround and irnohe a Inid 01 lhl^ miv lx Jooatfd in intcinod.il areas 
Smiths’ tkdoi is npoited fReod and Oubiil, 1915 ) as showing seriously 
disease twigs, Il(«pk!n- ' 1022; has k corded a ca^t of heai y 1 wjg infection 
ou the Yellow Bellflower, and more recently ouiig, 1927 ) ha^ reported 
severe injur> to i->oai“old Ada Bed trees in Arkansas, with the prodiu- 
tion in main cases ot (kep-soated, girdling cankers that caused a killing 
of the distal portions Twig inlections weio also fanlj common on 
iTiatii^'e trees of the same vnuety 

In susceptible varieties of apples the young fruits may lie \ery gener- 
ally infected The lesions may ))e localized at the calyx end of the fruit 
and involve the calyx lobes, but they may also be on the side or at the 
stem end or general over the entiie surface Young infections will show 
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charactore similar io the uppt‘r suifaee of leaf lemons, but latci eJustei^ 
eups will break through tht sjme ksions, genet ilh qifieaiing in a iing 
«iround the central pvcnial pustules I heie in i> iKo be a gre<*rush or 
yellowish discoloration of lh( tksli extending Id tiu cok and quite 
often pycniospores in i> be found in tlu (nr( londhin, Yoik and Ben 
Davis an paitieululy susfeptibh to iruit inKction flight infections 



I 22S - Mature »cm on tht. under iurfact of ao apple hat 

of the fluit line oiil> i dishgunng tiftet, vhilc in nuut seven df h)i>- 
ment, deformina and atrophv may u n 

l^ht injury to tin if*pl( from rusf i*- due to (D le if infeeliyns iml.lln 
resultant defoliation ^2) dvarhng and reduction of quality of the fruit 
Foliage of susceptible 1r<*es st indiiig adjacent to cedars may beai so 
many lesions as to appe u a pionounced }fllov\ tven*froni a dibtaiice, 
and in buch cisc^ then lx an early defoliation It hab been shown 
that the leaf fall ib piopoitional^to the number of mfeclionb per leaf 
Giddings and Berg rejKirt that in 1914 York Imperial leaves with 10 oi 



MANUAL OF PLl\7 DISEASES 


Ao'o 

more rust le!sif)iib phowe^l i dropping of 55 per cent before Sept 1 The 
spotting and the droppfng of the leaves constitute a severe dram on the 
vitahty of the trees, tihI therefore they go into their winter rest in t 
weakened condition 1 he cftect c>n th( tiuit may be direct from localized 
mfeclions, but ‘it is believed that leaf infection is a far more important 
Tactor than fniit infection in determining fiuit sizf (Oiddmgs 1918) 
Tlie effeet ot si vire leif inh ( tlon'^ on tniit si tting and size may even be 
rained over into the yeir following the atlaik The fruits showing rust 
le-ivms fre(puntl> beionK infictid witli rot-producing fungi which cause 
still fill the I lo-'C out lu^t spots do not increase in either size or nurnbeu 
doring storagf The physiological elfcet of cedar lUSt on the apple is 



VI Ir ij( 1 ul iri< l in J On >hi i 1>> ii pi Jirai 

f a pf A I iph 


( I iplnsi/( <1 t he f wioo A 1{( h] ind < i lOill ' J9I j t ti i) rusted 1( xm ^ 
ipp( ir ^(* lost (oIjIkj o^ tluir ' r inspii it p <hit th< pmcfs of photo- 
svnthe’^is m disc iseo 1( i\<s i^ Miy iudenail> iclaidcd, ind thd respiri 
iion i& moio 1 ipid in liu dw iscd thin in the he ilihy foliage 

Ijosses fioin cc<iai lusi liivt hxen esjTKciallv he ivy m Virginia, West 
\iiginia, low 1 ind \cbiiski, but evident though loss serious, in either 
st ites tiomme wntmg ot coneiitieins in Virginia, says 

I he eftce t ()1 < odn ui>t on tlic ^ oifc l'^ eiuite dilteicnt fioni tli it on Bcu Davis 
1 lit^ iHa r'k IS ( liiefi'v outbctolnge wim h talK c irl\ ka\irighill nourishc<l under 
uzeel ipple-, Wlputla intcction i iiui\ y tin lo^^. i ilinost complete Prom 
i^ing numhe^r om s irc n Oue i<l to < nils The tru it‘>r It sulh sf \( n l> (nowtli 
» irrested few font buds ire tormed ind the next veai s crop i'* -ure to be i light 
one \ iieav\ cedir mst micction Dniv nuins i loss of i large part of 2 years^ 
cro^is 
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The loss for Shenandoah County, Virginia, was estimated at 8100,000 
for 1917 Gkddmgs and Neal (1912) reported thi^ '‘the nisi of the apple 
has been one of the most senous diseases found in many of the orchards of 
West Virginia during the past few years The damage this year in one 
county IS placed at 875,000 ” These illustrations will suffice to emphasize 
the importance of cedar rust as a lactor in commercial orchard districts 
Symptoms and Effects on Cedar Trees.— The disease appears on the 
red cedar in the form of chocolale-btown, globulai, subglobular or reni- 
foro), corky galls of varying sizes, fiom those scarcely ^ inch m diameter 
to others 2 inches across, scattered over the tree The young galls are 



1r ( < (iai i()plc or jraPs (Oi/wa/o iforanu f(m jnnxptn / ia <f) on the fominon 

todir On at tlu riKht line tin (;tl ''r in old k**!! < f pri \ i*> is flcason 

• 

firbt evident ifl June as minute pjlolmlar structures in thi . \ils of leaves or 
slightly removevl from this position on the leaves They grow rapidly 
during the summei, and by fill have leiched maiuie form and size At 
this time they show circular depressions scattered over their surface In 
\pril or M‘i> of the following season or durmp the farst warm spring rams 
an elongated, gelatinous, orange-eolr, ' ’ horn or projietion is pushed out 
from each depiession, and in this condition the hrger galls have qui^ a 
flower-like appi^arance* which has suggested the popular name of “cedar 
llowertt ” T he smallest galls may produce only one or two gelatinous 
horns, while large ones m-'y form 300 or more These, gelatinous horns 
dry up and the old galls iie left, finally as dark-brown or almost black, 
haid stiuctures whuh may persist on the tree for some tune In mid- 
suminei a cedar tree which had been affected for a sufficient length of 
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time would show young galls just begmnmg to form, galls which had 
‘'bloomed*' in the spring and some old galls of former seasons 

Tedar trees may show only a few galls, or they may be so heavily 
infected that their branches are bent with the weight of the “cedar 
apples.^’ The injury to the cedar is of little concern in those localities in 



which this tret* is c<miiiion in the pastures, wasit phct's and loadsides 
(Virginia and West \irginia), but in the plains country in whicn cedars 
have been used Air windbicaks or for ornamental plantings they are fre- 
quently prized as highly as the apple trees I'he amount of injury to 
cedar trees vanes iMth the severity of the infections and the age of the 
, trees t)hservati<»ns m Nebraska (Heald, 1909) shoi^ed that trees from 
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20 to 30 years old weie the mosl s\iaceptible to infection and suffered the 
most from the presence of the parasite In many places severely infected 
cedars were found to be dying and there was httle doubt that the cedar 
rust responsible foi their destruction 

Etiology. — Cedar rust is due to om of the true rust fungi, Gym no- 
sporangium jnni pfri-virgimarur Sch^ , a heterceeious pathogene, which 
passes a part of its coinpU \ life cycle on the apple and a part on the com- 
mon red cedar (Jumpeihs virgtniaha)^ the proximity of the two hosts 
being essenti il tt> the rf>etua1ion of the discist In the earlier libra- 
turc th( pathogem ippeaicd under the nairu off? mmiopus Lk When 
lhe stages on thf tw( ho^ts were first oowuved and studied they were 
thought to be independent tungi, and the secial stage on its ^unaceous 



♦ /I / 41 n a / nn U 4 » h*/ s *1. i i z k. zi u*! \ i 

i r j J i/ ajA 


t fx H- iMi idic I i ^ hw >hi> Ilh h»s' gtnet^r 

i 1 ( tUon Ik V\iih (z i )U< ^poraTituuo no Hi t» ir t ir cHiduiiu 

\ d us^ 1 hs ^ >(jsUd Hi nd sinct that tunc ii (i>n no 

M!u 1 l I) A ( Mil Mt 1 ) h \( a Kn f is \ iVi 
\ja *h I p«cus (, q ol > um lai dso pir tin r^<l ct dar e 

f 1 !•- of »ppi» I Hi p< ir rust in tin ( isteru 1 nu(d M ids, wiule tlu 
tun I ist ((i blnsdaifanuiid (f the Pnethe ( (»«st ehernafts betw’een 
thf Tis( led ir {Liboted} as defuriens For ) and » ultivsted apiples, pears, 
quinces md vvilfl Pfum 

Tht following IS a sinumary of the lite cycle of the ctxlar-rust patho- 
gene (1) s|X)rc hoins, or telial son are proililcfd from gall? in the spnngy 
(2) the teho-^j>ores eml)edded in iHese germinate during wirm spring raina 
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iiid pi oduco proruycolia witn sec ndary spores or spondia; (3) as the 
hum vio V deoK'it^es a Iiith (a drop »f 10 per cent or more) the spondia are 
forcihlv uted iiul an blown jvv »y by the wind, fi) the spondia fall- 
ing on voiinu lenes or f'oits of Mu .‘ipole germinate and start intections, 
(5) after a p< i \ >d >f me ih.ilion jiyi nu appear on the upper side of the leaf 
lesions, to b» > d«>uf i liter by the <ecia on the lower Mirfnce (h) the a'cia 
produce tta m io-*p(»o's, which fall out of the cups and arc earned to the 
eedar, whcit (Ik'v germinate uul '^t nt lufivdoT's, i7) the host responds b> 
the foinwhr n of liie characteristic gill which leach ma unty in tht late 
fill anJ ni i* i Iv lo toiro tehal luai ^ in (he ^piiug 

(''oiupacl of fungoii-' vle\elop tnuuM' li the cortex of the 

gall deptess.ocv iud e*ir!\ in Man li \piilo May, dt jk udmg cm the Ian 
tu(K , tic pu c of f'xpindint. bulh?' ct ils iDc'dge, IhlS, S(»\pns, 
1030) f M *-> tin 'lip Jie of tie eoi(^\ ind lla (• Inl column oi >ouis 
U'gms (o * fOi ij'i Da (Muui^ e(>riMs(s ol (he elcuigatid gfda'iuou> 
."talks of 1 ti( ^ iw< leal tf‘ho";H», which ire pualu d out (o thf‘ s itfaep 
by (hv‘ elong U j i' u ilk "Du leha an goldi n yi How , e> Imdricjl, 

acummOc md v u;y trom Ic"'-- ihai ^ > iru h ttvmi're Uian 1 mcli’rhrudh 
The telK'^^pon* inMJ\ilt( icunuud^ In (luenllv eou tru ted it the < 
‘"Cptum ind t , + » 20 b\ to bO// ^\ot, »hi lii-^icjeion . An ,i utj 

4i*'.Npimg piin^ the •)( ii "*w(‘!] o» * uMiuoti"- su# mdbe'i^mi nan Ddi 
{i liovpup s g<M mm t^e ,ii ou in Oj m tn , h i »ul ‘ J 

[HUiod- of i ii ly w( Phil, uf) uni’I ibMd luec 1 (lit -v n m 

mttiim flau ^hiK jon Ik t>iu Io,<njpiu% > ^\\ r o ix lod*- 

ot Mill geim nation )Ki>re tht ^upph i^ (Mi'Odtd, iht nifinbeT rf 
fK nods <l('pi ruling uptui the weathi T (‘oiiditi.m^ 1 et il d M(l.o-^H)i( 
can gi(o* out mo* \ h^p^ll«llkl nie( un > tin vio^vn^Omu vhuh 'indi r 
t\[uca! conditions beeiruie hmi-siptab ]r i\mg i Mi rih st dk < !1 mo 
f‘ ur fertile or basidia] celh, t ich <4 whuh prodiues a sceondj^s poo or 
^pondiurn, Ixnaie on a short lateial projection (stengmj* \ teho^ixin 
thus produces eight spondia It ha*' Ixam estmialta] that i single gall 
’ 1'‘4 inches m diameter may pioduee the (mormou'- tutalof 7,^1 10,000/H)0 
sjxtndia, which will eniphasi/e the fact that a single cedar tree tniiy 
i men<aee to an entiie orchard (Lloyd and Rulgway, 1911) Coons 
(1912) has shown that, as the telia dry following a rum period, tin sjxiridia 
are foicibly abjviinted from their steriginata and aie tlius si t fiee fiom the 
*elia, after which they are readily earned away by the wind The numl>er 
w^hich full on apple foliage wall depend upon the distance of this host from 
the cedar trees Under favorable conditions the spondia germinate by 
the formation of a germ tube which very soon penetrates the epidermis 

of the upper leaf surface and an infection results ’ The jx^riod between 
< 

' In an artich* whi< h llu writer h id no ( haiin to edit this btutenicnt was changed 
U) n‘ad, " produce uifeitioii*' hv ttie ♦*iitianc( of infisdion threads thnmgl» 

stomata into the tissues of the host ’ iHia'id, 
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sporidial difebenunation and act uni inlection is veiy short, boing r(*portea 
as short as 6 hours Thi*^ hehavjoi ha*^ a v(*ry yuporiaiil l>car!ng on 
control, making it o^pecialH difhcuh to prevent infections by spraying 
Aft (‘I a pi nod of incubilK r 7 to lb da\s, tlio iiist })cc(uricF visible 
on the up|>i r ‘'luface a- sp<a ibout ilu si/t* of a pinhead 

'I’hc spots eiilar^i ind as^miH^ a vhrk^T ‘-hidt ot ydlow and in abciut 2 
uwks httl( r’osed specks in tla ((iitei th( openings of th( Habk- 

shaped pycnia (lobtiiikd widiu the leal tissue M os( {j(niJ stK)i) 
exude a thick oiange-eoionM! fiuul, wliich cv)iitains pyem(»^jK)reb 



J i( J2S CorniiuiO;/ Oi tclifh o»<* ;f < mu / }> nu i ff‘ j « iirgutianif a 
t\ pi( a! C' rnmnO )iu < oiTitf i( 1 1 in f r ’'lutnOon tl « »i'r\i>r < uronivfplu 

-h AMjr t<M t I fri ii tlu \\ n i / ttlu lo>t U li <1 ^ ti i of sj o-nliii 


With Iht (cssation of p^im(*spoH foiojOion tla |)\(*nia ippc ar as small 
]>lici sjnek'- I iK j Miiiosp /reb pr<»b»bh pl‘i\ th( s'oiie part us m 
olh( T het( TO cK ii'‘ iu>ts 

lh( mvodmiu k[ thi nist funj.'u^- e rinedlulu but st nd^ liaia'tona 
into lh( edl of it ho-t It-jiMMUct - ouilati s i lieirAadt d tesiu and 
an t\*‘e^si\t < ril ineiU and nmliipln ition <‘f tiu spv>ii4‘> partrndiynm 
cells lesijlt in tiu formation of d < di o uiuistu* eu'^hn^ii oj welling that 
dcMlop*- on ihi undti ‘‘ulf oi \ k ti Thesi swdlings ue at first 
unbioken, bu‘ soon (kiti Jun« (»? ]u]> ' the a*eia whndi hi\*<' been fo^HUing 
*\Mtlun bicik tljiough th(‘ uuuoi I’pidtMni , ind.piotiudi at hi^t as brown 
jiapilla' i ]k‘ outer CO itiiig OI pi hen lupl gradualh splitting 
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to the base as it eloni^ates and during dry weather the segments or rays 
become recurved giviitg the open aecium a stellate appearance 

The pendiuni is composed of a single layer of cells which forms a covenng foi 
the jecidiosporc chains within The jK'ndial cells are virtually modified «rcio 
sporeb anc^ are prodiuod by a differentiation of the apical aeudiosporcs at the top 
of the spcidium and of whole chains of aecidiospores on the sides of fh<" a'cidiuin 
^Hoed and ^Vabdl 1915) 

I’he aeciospores are borne in chains within the pendium and are gradu- 
ally sev free as they mature During the we^ weather they an* prevente<l 
from falling out by the cl isure of the pendial sfiands or segments, but 
during dr3’ weather t hey are euhily dislodged The mature a*e!OuspoH s are 



Jig 229 A group of much enlarged [f*hoto oj tfrnu mo by Pool McKay 

\(h Exp S/a Ann Htpt 22, 1900 ) 

almost spherical, dark brown, with minutely pitied walls somewhat 
darker than the granular cell content^ The youngei ^nd (ieofx^r lying 
imospores are more or less polyhedral, due to pressure of the adjacent 
chains The a*ciospoies are apparent U d( p<*ndent upon ‘he wind foi 
their disbemination If they reach susceptible portions of flu eedii 
tree and otlur condition^ are favorable, they may germinate and jirodun 
infections, otheiwise they will pcnslt They germinate vei\ ;xM)i1y 
during tfie summer, but some are viable even i late a^ Oetobci, hcaioi 
it IS not known just when the actual infection of the cedar occurs I wo 
possibilities have been suggested (1) that infections occur soon aflei 
dissemination of the spores; and (2) that the spores remain dormant 
until spring and germinate about the time growth starts in the cedar 
Whichever happens, it is certain that the young galls do not make tlioir 
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appearance until the June following the asciospore dissemination, whicn 
takes place in July, August and September 

The galls were at first supposed to originate as outgrowths from young 
«tem8. and this idea was supported by a number oi invest igat ions 
Stewart (1915) from a histological study c<)n(‘luded that they originate 
as modified axillary buds, but Weimer (1917/ has preheiutd evidence 
(hat they originate as invKlified leaves Tlu most common pHimt of 
oiigin lb close lo the btivse of ih(^ leaf on the upper sid<' hence sujieificial 
examination suggests axillary origin rh(‘ (l(‘velopjnent of the gall 
tloes not start until the cedar stalls growth m the ^pjinii ihov ih 
then continucH quite rapid!}', an<l by late fi.il tlu galN }ia\# n iched full 
size Jntern<il organization of the teha pioeeeiL«» slowl} iiul Iki ^uroiee 
depressions become more pronounced 'I he mature gall i*- a mingled majss 
of paTenchyma and vascular tissue of (he host md an inteiullular myce- 
lium J I he pathogene fiiirouude/1 on th' (Uitside h^ lavai'- of Orown cork 
celK In e.iilv spiing the oveiwintered galls ue nad} \o produce the 
gflatiiiou-* SOM with theiT crops of tilmspore*-, and the hb c\(lc will be 
rejKMted 

It wj^ foiineih Mippost d that the cesjar appl^^’ matured m the 
<* ill onginared from infection*' brought about by a^ciospore*^ of the pre- 
ceding *'pnng, but the writer fust showed Tleald, 1009) that the young 
galls ab}>r<ir brfor the dust u cups of that sermon have begun t(/ shed 
spores hence thoA must oiigmate trom u emspores of the preceding season 
I vfui if the ici)sfioT(s should he dormant m the lent a'lK during the 
winter period, it still means ih.it iho pathogene requires .qiproMmately 
Jo months iiom thi time of eciospore dissemination ti complete j « hfe 
( \ ck 

'r\ii spi iMiig ot ei'dars rsent 2 and later, which gav' almost no reduc- 
Umi 111 the iiumiier of galls o\ r uuspravtd tre(*s, and thi luarkori reduc- 
tion 111 infection from s])iayings made m Juiv iml Amoi-'l, "iqrport 

the idea of inleelioii following sport ly «‘ter leciosporr dissemination rather 
lhan bring di'kyed until the following spring (Heald, 1909) 

Conditions Which Influence Infection of Apples In ord< r thai nisr 
may develop in an ipple orchard ttuTO mint be inftcttd ccdai^ not far 
distrinl, and 1 hen Iht^ ainoiint of rud which aj^pears will dejxmd on (I I the 
location oi the tiMs with roLdion to the cadus (2) the weather oondi- 
liorih which pn vail at critical period* and (3) the development of the 
apple foliage at the lime of dKss'amnati >n of the spondia According lo 
Thaxter (1891), infection may take place when the nearest ^cedars aie 
8 miles. distant, but it has l>een shown that a cedar-free zone of 1 mile 
around an orchard is usually sufficient to give cominercia] protection 
Windbreaks close to orchards are favorably located tiecifuse of proximity 
of the two hosts and because prevailing winds would carry the spondia 
into t he orchard The elevation of ceda^ trees v/ith reference to adjacent 
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orchards or the presence of intercepting barriers between cedars and 
apples will modify the severity of infections. Giddings and Berg (1915) 
state that: 

A rain lasting at least 2 or ii hours is usually required to bring about spore 
pioduction anvi discharge* on cedar apples; the rust spores are usually discharged 
for only a few hours after a rain or between showers, when tlie humidity of the 
air drops somewhat; tlie cedar apples are particularly activ^'e in discharging s|K)ros 
after a proloi>g<‘tl dry spell, but they appear to be temporarily exhausted after 
tw^o or three closely successive periods of discharge; and ordinarily a wind'velocity 
of at least or 4 mil'*, per hour is necessary for a sulficiont distribution of spores 
to cause any gt'iierai infection, 

The amount of rust wdll depend on the age of le<>ves at the lime of sporidia 
disp(Tsal, since only young leaves can be infected. Under some condi- 
tions sporidia may U' disseminated before the h'uves have develojK'd 
flufficiently to become Infected, while at other p<Tio(is of spore dispersal 
some of th(' foliage may be too (dd to take the disease. The coincidence 
of a, pfTiod of heavy sporidial dispersal wdtli a period when many of the 
apple leaves are young will give maximum infection. Hince sporidia 
live for only a few days, those disseminated previous to the appearanee 
of the l(»aves will come to nauglit. “ Pemiiation of ilu* giaan tubes takt‘s 
place through the dorsal epidermis of the l(‘af, and d therefore seems 
probable that the increasing thickness of cell walls and cuticle is t he factor 
which determines the period of possible infection ” amT (Vabill, 

1915). 

Host Relations.— 1 1 seems probable that the cedar rust first occurred 
on the wild crab roronaria) in the southern and eastern United 

Stat;e8 and at first was confined to this liost and thi' eedar. Jts spread 
to apple orchards parallels the development of commercial orchards, 
although its appearance in low^a orchards had not been noted previous 
to 1904, yet it had b'vn observed on the local wild crab (I\ 

Early attempts to inoculate cultivated apples failed, and ibe final estab- 
hslriiient of the dis(*ase in apple (^rchanl.sis believed \o be dueio the exten- 
sive planting of very susci‘ptibl<- \aiieties, the Wealthy in the plains 
country of Iowa and Ne]»raska and the* York Imperial in Virginia and 
West Virginia Tlie Ibestelia stag<*s (m pears, (jinncevS, servicel)erri(\s 
and hawthorns Ixiong to other specH‘.s of Gymnosj>orangium. 

(Ibservation^ hav(‘ been inadt in tlie various states on the comparativ* 
susceptibility of difierent varieties (»f appk‘s Giddings and Herg (1915) 
recognize the following groups: (1) susceptibh*; (2i moderately suscep- 
tible; (8) resi.‘-tant ; and (4 ) immune. Some vai iiiies are listed differently 
in different states— for example, the Ren Davis, susceptible in Virginia 
and Iowa; moderately siisceiitibli' in W^sf \irgitiia; and resistant in 
Nebraska, Massachusetts, Rhode Island and Delaw^are. h^vidimtly 
resistance may be only apparent, sinee some varieties may escajH) 
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infection duo to time of expansion of the foliage or iU rapidity of develop- 
ment. There seems to be a general agreement 1j‘a1 such valuable vari- 
eties as the \\eHlthy, 1: (jrL Imperial and Joriathai. an vej\ susceptible 
Vaneiies like Baldwin, Stayman, AXinesap \rkan'-a^ Black and Yellow^ 
Transparent which are lasted a*- uniiiUTH m We-.t \ iraini i are reported as 
resistant m most tithei stat^^ I nmi 1ru^ it >ve^n»s doul>tful if there are 
any varieties winch shovi a real nnmUiUt.v 

Control or Prevention.- 1 he cedar in^t dI nia\ b» completely 

eliminated Irom an orchaid by intoinpjtiiur tlie lit< ca^cIo ni the palhogene 
by rbe renM>val and de^^tiuetiur of eedai trets 1’hi [neA^ iniv(‘ }>ra(. 
AA^hich relau to the alternatf ho^-t, tin ecdai, au is fi IloW'- 1> Binnove 
and destroy all eed<u trees vMthu* a ladai^ o' 1 nnl^ iiinaMi tla ippU 
(orchard \N Ink tin-, will aoT gi\f al)s(j]u1t piotciliun, [• will afli.o) ejm- 
ineioiai ('onio 1 in mo^( <‘as("- 2) \\omI tja if (idos ior wind 

lin* an)niHi orefi.ir I'- oi for onairnt 1 t d ]>1 nnnia witlun i mili ot .ipjde 
orchaid-' t.B In ca^ of a levA small cuLxi^ in pubh( jiatk^ oi i n piiv^tr 
('^tales, i h(' re niovil of th< (calai 'ijijik ^ jni a mu'- to th< pKaliu ( u>n of^tht 
gokitiiioii'- soil V ill alind prolectnn. u> ne u b\ ipj)li liei- 1 a huge 
tn^es ihm is a di%ult and ld»oriou^ task md ^h add not }>< t((‘in])ted 
M; In (a^'C-^ wla'K tin C'mI n ru^t j*- tln» i1* nun 1 h< hf 'd ita <eda)^ ind 

considoK'd too A<iluil>h to df““tn souk prol(*f*t !-> jiossddi* 
by sj)raAMng Ilf cidim SpiiAuiL (edei** wdh (> 1^ Boidr ia\ jilii'* \ 
IKaimk (>1 soa]i (Ui Jidy 2b. md \ui> t» inrljaga\( galls (in t he .spiaAed 
tree a*- cvunfi'iifd to b,!!) oii I la 'oniio* ObMld, ^ h< oiaeliCttl 

ap})healion of "piaving (‘(‘dai- f«n ^h( prcAamtioii of ^'ci'dai ap])k“* ’’ must 
dfpfiid liigi'U lip n loe d eonOdions The Kductioii m t la riurnbei of 
galls js nut -.nitHKiJ P b( <il niia i a dn( in })i( a ( nt in” tla intecluin- oi 
adjacMii a]»}»k ti('^ [ad d tla id' ot a dnahli (*«do^‘'- Ik'uiii Mireatem'd 
\)y tin ibimdanct of l!»f i igi - ‘-pmAOig '-te> dd jedun it*- ‘'irvages 

MiflKU imIa to pj( ' 1 id !i A m ‘ 1 1 1 1 j ‘ ii) I a ' A to < le (id 

The ppicTKi** vnIiuIi (f tl h'Mow- »!/ 'void 

plant mg ij^]>h ' il* U i -i n - cfa ii k i e Mi ^ hi ^ 'i\ < dt Iia , IbaiK atid 

YoiK, A\ It Inn da vKiUiU >1* t ibh-la d f < dais 1( th< 1 1 dar- eanin *1 U' 
(dnninated <»i a s if< di-t hk < ( ji n< i b( haui i ■-( It c t tad} knoA' n if‘'-i-'tant 

\ iiifM H"- 1 oi [)1 iijt I JjL 2 It » ( »K t niK '• n pp^ 1 n i i he j)l lUd i oiiiil i y , 

c ^(abhsi ( d CKI i- iif ].»!/♦ d na o diu U w ppl* f( es, i la* unnov al (d 
{ la 1 M o I AAill I inniiaO* tlj( In i t on ((•in'* (2. jspioA mg Ian Ih'CU 

lO/noieddA -ac ( (' fid ni t ! <' li oal ol ( • ' tel ( ^ |>f ? ma i tern, t ni t n iinrt'- 
liabl( a - <1 (‘omna u ad yi ic ta ( ItM-tmgl jmowt t dl nam *iniu laibk 
A\oikjiig in i S( \i!;"nii loodiiiL*' mo Ikig >ihl (btjmid the be*-! 
eontiol AMtli lina ^iil|>laiT, I Id sli to a poorn amMi Bmdenn and still 
p()or(“r A\ith '* toiau '-nipnai N\<n pipla at a in'- aiV lacessaiy and 
these follow d shoi I min il- il wlan ila .blos'-om^ buds are showing 
good eoloi , i2t wot hill 1 io2di>s,dt(i (he tn-1 blossom- ( pen, (3 j when 
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one-half to two-thirds of the petals have dropped; (4) after 3 to 4 days; 
(5) after 5 to 6 days; (6) after 5 to 6 days; (7) after 6 to 7 days. Spra 3 dng, 
to be effective, must protect the foliage previous to the period of sporidial 
discharge, since it has been shown that infection requires only a hours' 
tune The delay of a single day or part td a day may make the difference 
between failure and success wSince spraying must be m carefully timed 
and the different applications must be made at such short intervals, it 
would be diificull to secure effective control in large orchards without loo 
great expense for labor and equipment 

In the regions id which cedar rust has become a real menace and the 
cedars are native and common, as »n Virginia and West Viiginia, there 
no question but what the eradjcation of the cet’ar is the moM effective and 
the most economica] method of cedar-rust pre ention In these states 
special laws were enacted wdiich declart^rl the led eedar tree m nuisance and 
provided for its desnuctiou By thl'^ law a district could adopt “cedar 
local (;ption ” The cutting (Uit of the cedars in V'lrgmia and We*^! Vir- 
ginia^ has been practiced in mai» 3 ^ s(*cii‘>ns with cvcellcnt results ana at an 
average* cost vif les^ than 50 cent^ per acre ^‘tVdai eradication is the 
cheapest form <if oi chard imiinince gou can buy Tlie cost on the iverage 
IS less than the cost of a smgk sprav application ' n^roirune, 191^} 
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CllAPTKR XXVI 

DISEASES DUE TO THE PALISADE FUNGI AND ALLIES 
BASIDIOMYCETES 

I'hits ^ruup iiicludos the important forms (.-f the true basiUiuin 

lunp:i or BiiM(lioni}f*er(‘s, iepr€*eent(‘‘d by the faimliar toadstools, mush- 
rooms, shelf or bracket fun^i, pul) balls, earth .dars, birds’-nest Jungi and 




Fio. 230. -Clamp ( omiertioua of bewidiomycPtOB. A, the dc vel(M»nient of clamp con- 
uectiona. i.ifUr /^araurtrn) H, Stcreum purp itfum; C, Hhizoctoma, J), a whorl ol 
clamp connecUonH lu Coniophora cerebrJla, Afei Jachryman'^ w-ith branch from one 
(Oamii connection (/^ K, adajtted from varimift sources.) 

stinkhorns. The familial* structures which are ordinarily referred to as 
“the fungus’' are, in reality, the fruiting bodies only, while the mycelium 
or vegetative body of these fungi is hidden within the substratum, and 
ijmst have made an extensive growth before the fruits or sporophorcs 
appe^ar. 
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The Mycelium.-” Tho^r arc two raihor distinctive featuroh shown by 
the inycelium of most basidiomycetous fun^i. (1) (he biniicleate condition 
of the cells of the hyphae, and (2) the presence of characteristic forms 
of cell unions known as clamp connections” While the binucleate 
condition of (he cells is the general rule, uninucleate forms have been 
found, and multinuckMt(‘ colls may be formed in the older tissues of 
the fmitinp, bodies In tin amitotic fragmentation of the two original 
nuclei The cells which give rise to the basidia are always binucleate 
In fully develoiK‘(l clamp coTuieitions a dight iiiilging is noted on one side 
of the hypha ju*-! thick of a ciow-soptum and this appears to oveilap the 
beginning of the other -uliacenl cell 4 clamp connection is formed bv 



1 H JU J)( \ t of tlir ImhiHi t nf \nnillaria mucida ( l//o Knnft ) 


the growth of a short branch just back of a septum, wlicli curves over 
until its tip comes m contact with tlu cell on tlu oIIri suk oi Uie septum, 
Wh<‘n fusion takes place, bringing tlu e< 11 contents of (he two adjacent 
cells in commuiiic ition 'The opening is giiKually closed later, leaving 
the characteristic clamp Hie piesem*( ol liaise eonnections is fiequentl}^ 
a coTuement means of leiogm/mg i bii’^uii(»m> cetous mycelium Rhizo- 
inorphs and mycidial plitcs ire also chai icteiistic fealuios in some 
Basidiomycetes (sec jip 

Spores Types, ('onidiospoic ind chlamx dospores are binned in 
some spt'cie^, l)ui (la so arc nKonspieiious and a \eiy ininoi pari m 
the reproduct i\ (‘ pioc(‘SM's The chaiacteiisiic fiMtuic is the prodiie 
tion of chib-shapcal hyph.e, the bastdia, \\hich form the eontinu(>iis, nni-' 
nucleate basidtosponSf on slendei Urnunal outgrowths, the \l(ngmain 
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T1h» cTmiinon or typical nn?nl>cr of basiHiospor^'s for oacli basidiun) is 
four, but in sonic species the nund)er may be two, six or The 

basidia are mostly arran§i:ed side by side in a more or less extensive pali- 
sadc-like layer, the hymennun, which lests on a more compact aubhy- 
menial layer. Enlarged sterile cells, rysiitlm, may be mingled with the 
basidia. 

In the simplest forms of Basidiomycetes, there is nf) differentiated or 
specialized fruiting body, the basidia being borne directly on an unorgan- 
ized mycelial weft, but within the group there is great diversity in the 
form and size of the organized fruits, or sporophores The progressive 
tendency from the simple to the more complex forms is the«increase of 
surfact* over which live htitiunuuni m.ay be s]>read, with th(‘ display of.the 
b;isidia in such a w'ay as to s(a‘iin‘ wide dissemination of (he spores. 'J^his 
iiici’case of ^urfa<‘e li- attained in a gn^at vanc'tv of w.ays, by wrinkles, 
folds, spines, teeth, })i<s, tnbe^ oi plates. The ‘^porophore is thus simply 
an aggregate (»f supporting tissue, arrangial in varniiivS ways for^the 
eflieieni disjilay of I la* liasnlia in large numbers 

T 5 rpes of Sporophores In the true iiasidjomycetes three generid 
Ivjief- of s[)oi<»j)ln)ie'‘ may bf* H'eogmzcal; 

1. ih^ginning with lh(‘ .simple unorganized ihsplay of the btisidia upon 
th(' myeelial \v‘ft, I lu‘ s|>tu-ophores may lie first simple, prostrati' or 
resnpinate structures w'lth a plain basidial surface, or these may be 
folded, rolh'd v»r slielvmg; next , inen^a.se of suiiace may be altained by the 
raising of th(‘ hym(*nium on the surface of e^hiulncal clubs, wdiieh may 
be very mucli Immched or coral -like, or a tlnrd moditication is s(‘en in the 
formation of minute waits, shor^ s}»irios or llatliuied or evlindrical (siniple 
or iiranchedj teeth may rise vertically from r(‘supinat(‘ sporophores or 
hang down inmi tlie lowei surface of shelving fruits; a fourUi type ()l)tains 
the increased surface by shallow" pits, honeycomb-like compartments or 
slender cylmdneal tubes packed clo^ ly together; while the last device is 
the arrangem^mt of*1 hin plates or lam Ahv pack( d closely toueiiier but not 
in contact In all of these devices (he fruit is o])eii, that is, the hymemum 
is exposed so that the separated spores may be readily sot free into the 
surrounding air 'I'hesi* fruits are ehara(‘t eristic of the Hymenomyct'fales 
or Agancales, tlie true paUsade fungi, which furnish numerous parasitic 
or semiparaaitK* spec’ies. 

2. The second t yjx" of basiduim ft mi is a closed structure, in which 
the fertile or basidial piortion, the glebuj is enclosed by a firm s^irrouncUng 
membrane, the pendium. The spores are set free only by th(‘ rupture of 
the pendium, with the formation of a definite oj^ning, by irregular rup- 
tures or by decay. These forms are illustrated by the Common and the 
stalked puff balls, the earth stars, the hard-shinned puiT balls, the sphere- 
throwing fungi and the birds^-nesk fungi. Th(‘se fruits an' characteristic 
of the (histeromycetales^ an order "containing only! saprophytic species. 
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3. In the third type the jrfeba or basidin) portion of the fniit in a^first 
enclosed within a subterfanean, tuber-like structure, which at maturity 
ruptures and allows the viscid a[K)re mass to be carried rapidly upward by 
the expansion of an interior mass of elastic tissue. This type is illustrated 
by the coinnam stinkhoru or carrion fungus, Ithyphallus impudirus and 
relatoil forms, and is characteristh* of the order Phallales. Species of this 
ordtT are of but little interest to the plant pathologist, but it may be noted 
that fthjj phallus impudicus has been studied in connection with a disease 
of sugar can(‘. 

Classification. - The importance* of the Hymenoniycetales or Agari- 
cales in furnisliing plant pathogenes and Wi»o(l-d(‘stroying fungi will 
justify 1 he* cliaracterizatioii of the families and iIh most important geiu'ra. 

1. * Exobasidiaceae, eir the* gall-fnrming palisade* fungi In this family, 
whic4i consists eaitiroly of obligate parasites, two fe*atnres are character- 
istic: (a) an internal mycelium, which geuierally cause*s hypertrojihy of 
Ic'ave's, fruits or other affecte^el parts, and »6) the* display of the hipncuiutn 
over the surface of the galls eir hypertrophied structures, rather than on 
organized spot ophores 

Exohiisuiium Basidia four-sponul and closely pack(*d on the surfaen* 
of the* affect ( mI host parts. Parasitic on various sp<*ci(‘s of the heath 
family (Ericaceic). 

2. Thelephoraceee, or tliesmootli shelf fungi. Fruii a loo.se niyc(‘]ial 
w'cft or a pellicular, fleshy nu*mbranous, lough fle'shy or toiigli Teat hery 
structure, resupinate, r()ll(‘d, shelving or branching, and with the basidial 
surface smoeith on only slightly ]iapillate or ridged. Basidia with lw(» to 
six spores. 

Sepiohasidiuui. -Sporophores conaceeius, r(*suj)iiiale and effused 
Probasidia give* rise to iransversedy septate* tiasidia, bearing simple hya- 
line spor(\s one* each for tlu* leTinmal ami subteaimnal cedE 

Cortiriutn. Sjiorophores hypochnoul, membranous, tle*sii\ or leathery 
and always resupinate \\'itlioul cyslidia Spores globose* to ellipsoid 
and hyaline 

Cumophora Sjioropliore* membranous or fl<*shy nuunbranoiis, r<*supi- 
nate and widely spreading, surface smooth or \sarty (»r wrinkled. Spore*s 
yellowish brown. 

6Wci/m. - Sporophores lealiu'ry or n<*arly woody, re*su{)ina1e or 
becoming slielviiig and freejueuUl^ d(‘nse*lv imbncatt*(i Jlyinemum vari- 
ously colored. Spore^s smooth, hyaline* 

Thelephoni - Sj>oropbort*s lough le\‘ithery, crustaceoiis, sh<*lvmg- 
pileale or laeimat(‘ly divided, and stalked or sessile*. Hymenial surface 
ge‘nt*rally cove*red with lilunt »warts, brown or grayisli brown Spore^s 
spiny, ellipsoid, often angular afid browm. 

3. Clavariaceae, or t lie fairy^ clubs and coral fungi. Sporophores fleshy 
or te>ugh, <*yliiuirical or club shajMal and \inbranched, or brancluMl simply 
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or in coralloid form, with cylindrical, flattened oj even thalloid branches. , 
Hynionium covering the clubs or branches. Basidia two- to four-spored, 
spores colorless or yellowish brown 

Typhula , — Sporophures filamentous, simple or slightly branched, 
hymeniuni covering the terminal slightly expanded or uniformly terete 
portions. Generally producing small seed-like selerotia from which 
sporophures may develop. 

Sparnss'i,^. Sporophores fleshy and very much branched. Branches 
foiiaceous, with hynienium on both surface's. Spores hyaline and smooth 

4. Hydnaceae, the tooth fungi. SjKirophores inembraiious felt -like, 
fleshy, corky, l(‘ath(Ty or woody and resupinate, shelving rf»r stipiiate. 
UyuKUiial surface ct'veriiig wSinall warts, short spines, flattened or c^dindri- 
cal teelh (U shglillA anastomosing tooth-like plates. In a few forms the 
\ deus is hulking and the te'eth spring directly from the substratum. 

Hi/tJuurn. S|K>ruphon‘S of varying (‘onsistency as indicated f<r the 
tainily and re'-aipjnale, shelving or cap-like. Hymenium covering terete 
or iiwl-.'^h.apr<l t<*( th >\lxi(*h may bt simple or branched in coralloid form. • 
ripore^ c<*Iorless, sinoolh. 

Echinodoniium.-' Sporophores shelving, woody, p<u*ennial, with closely 
set grayish-brown teeth on the lo\v(*r surhice. Interior of pileus and* 
tc^elh reddish l)r(>wn. 

HU^v^hn'/num -Sporophores pileate, sulcate and radiately subnigose. 
fiymeniurn on wide irregular teeth. 

6. Polyporaceae, -Sporophores wnniial or perennial, fleshy, leatheiy, 
corky or woody, ami rcsupinaie, shelving, or centrally or eccentrically 
stipiiate, varying from small to very large. Hymeniuni eovering the 
inner face of sliallow pits, anastomosing wrinkles, or labyrinthiform lamei- 
lic, biH for lh<' most ]jart . .'■Unuh'r, closely packed, cylindrical or angular 
I u Ives. Hasidia four-s[)or(Mi, sjiore.s h\ aline or cohered 

yifna/nvs. - Sporophores soft, diiaist gelatinous, soft cottony, or 
leathery an^ resupinate or soinevnat raused or shebang. Hymeruum 
covering vein-like ridgrs which anastomose in th(‘ muldle to form shallow 
pits Sjxvres hyaline or brown 

Pond Sporophores niembramms, fle.shy, leathery or w’oody and eom- 
piet<‘ly nsupinate, sometimes made up »f only inycehum and tubes 
Hvineniuin in sliori or elongated cylindrical or angular tubes, which 
generally aie /dosidy packed, but ao‘ .•Mimotimes scattered. Hpres while 
nr variou.sly colored. 

Foynes , — Sporophores woody, bracket-like or hoof-shaiied,' sessile or 
stalked, often concentrically zonate. Perennial and the closely packed 
tubes stratiform or supcTposed in annual layers, with^the tissue lietween 
the tubes differem from that in the general pileus, 

Polyponui . — Sporophores at^first fleshy but' later becoming leathery, 
corky or woody, shelving or stipitate. TuVx's fdeveloping from base 
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towards margin, similar to Fomes but never stratiform as the sporophores 
are annual. Spore powder white. 

-Sporophores membranous or leathery, never woody, 
resupinate somewhat raised or distinctly bracket form. Annual, tubes 
never stratiform, developing from the center towards the margins. 

Trametes, Sporophores similar to Fomes and Polyporus, but with 
the pileus tissue extending between the tubes. Annual or rarely peren- 
nial but persistent. 

Lenzites. Spijrophores shelving, sessile or narrowed at the base, 
leathery to corky- woody, generally tomentose and zonate. Hymenium of 
radiating gill-like plates with variable transverse connections, more 
pore-like toWards the margin. Spores smootli, hyaline. 

6. Agaricaceas. Sporophores generally soft fleshy but sometimes 
waxy or leathery, or typical mushroom form with cap or pileus and central 
‘ or more rarely excentric stipe, or sessile and shelving. Hymenium c») vex- 
ing radiating plates or lamellae, the ‘'gills, which are generally separate 
but jnay anastomose somewhat on the stipe. Spore powder white or 
variously col(»red. 

Marasrnius. —Sporophores fleshy to leathery, tough and drying with- 
out decaying, but n'viving when moistened, centrally stipitate or more 
'rarely 'either excentrically stipitate or sessile. Stipe cartilaginous or 
horny. 

Leniinu8-~Filcm fleshy, leathery or c<^rky, generally funnel-shaped. 
Stipe when present central, excentric or latej-al, confluent with the 
pileus. Gills toothed on the margin. 

Schizophyllum. — Sporophores leathery or almost woody, gray-hairy 
above, sessile. Lamelke of varying lengths, splitting and recurving 
or rolling up at maturity, when dry Sporophores are pi'rsistent xen;- 
])hytic in habit and revive under moist conditions. 

Phohota. — Pileus fleshy, symmetrical, gills adnate, veil forming an 
annulus. Spores brown to rusty. 

rirm?/Zar2*a.-- Sporophores fleshy, of typical mushroom f«'>rm, gills at 
first covered by a veil which leaves a distinct ring or annulus on iIk' stifie 
Gills usually dc^curreiit, whitish or becoming yellowish. Spores globular 
or ovate, hyaline. 

Pleurotus, — Sporophores fleshy, laterally sessile or excentrically 
stipitate. 

Palisade Fungi as Agents of Wood Disintegration. -The majority 
of the palisade fungi of economic importance are wood-destroying organ- 
isms, but a few are able to grow on herbaceous substrata. Ther^^ arc 
three agencies n'spwnsible for the destruction of timber while still stand- 
ing in the forest or Wter it has been worked into various products. These 
are fire, insects and wood-destroying fungi, the last working mostly 
as silent or hidden enemies. The wood-*destroying fungi may be purely 
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saprophytic, growinp; only on dotid or structural timber, but in many 
cases these are of as e^reat concern as definite parasites, since they may 
bring about the disintegration of foundation timbers, posts, poles or any 
timber wliich is in contact with moisture. The various wood-destroying 
fungi which invad(‘ living trees are for the most part wound piruKites, 
gaining an entrance through prumng w'ounds, sun-scald cank(*rs. wintfT- 
iiijured branches, mechai\ical injuries from hail, lightning or wind, insect 
tunnels, basal fire burns or vark^us other injuries which may ('xjK>se the 
wood to attack. 

Ortain species of palisade fungi confine their attacks veiy largely to 
the roots or basal part of the trunk, and thus bring ab(uu tluur c[i>sjniegra- 
lion, or caus(^ a '^tpoi rot (Kher species make Iheu* Ix-sl developna-n: in 
the heart wood, or in the portion of the tree trunk conlainuig only dead 
tissue, and are unable to advance into the outer or sapwood. These' 
hvari rots may s(^ permeate ihc heartw'ood as greatly to wi'iiken the 
mechanical support which it sh(»uUI furnish, and also render ihe timber 
of little value for struct uial purposes. Some spi'cies which stall in tlie 
lieartw'ood may advance into the living sapwood and bark and cause the 
death or disiniegratiMn of tlie living cells. Other species with more of a 
panisitic tfuideney may be able to establish themselves at onn* in living 
sapwood (If iiark, without first growing for a time in di'ad tissue, thus 
bringing about disint(‘gratiou which may be called a .sop rot. 

Mature' sporophon's produce spores m countless millions. One can 
U' convinced of the enormous number by placing the pileus of a n^ish- 
room form gill face down upon a sheet of paper covered with a bell glass, 
when in 12 to 24 hours a heavy depK>Rit of spores will fall making a “spore 
print marking the peisitioii of the spaces between gills. In nature 
these spores are forcibly eje»"^ed fn)ni the basidia and are constantlv 
falling when conditions are favorable for sponiphore activity. These 
invisible clouds of spori's are carried away by air currents and, if brought 
into open wounds of^suitable hosts oi woody substrata, may germinate 
and establish a •mycelium 

The various wood-destroying fungi, by processes connected with their 
nutrition, caust' the disintegration of wood. They must obtain much of 
their food from cell-wall substance, and the foods which they consume 
must be digested or brought into 8(»luble or dialyzable form. Woody 
tissue has undergone a sjx'cial modification known as lignification, that 
is, the cell walls contain lignin in addition to cellulose', while tl\e middip 
lamellai have a still diffmmt chemical composition. The solution of the 
different ponstituentfihy the invading fungi is brought about by enzymes 
or digestive ferments secreted, of which many different kinds have bc'en 
isolated. Three of the marked changes which result may be noted: 
'(1) the digestion of the lignin, leaving the cellulose; (2) the digestion of 
the cellulose of Ihe walls, leaving the lignin; or (3) the digestion of the 
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middle lamelUe, thus ^ausinp; a separation of the individual vessels. 
Invaded wotjd may become discolored, brittle, soft or punky iti accordance 
with the character of the chana:eK induced by the intruding fungus 
(Complete disintegration imiy occur at localized points, leaving pockets 
which are sometimes filled with white aggregates of mycelium. 
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THE RHIZOCIONIA DISEASE Uf POTATOES 
( %vti( uni inqi m B cV ( 

riip i uukspicM/i (list a*si of the Jnsh potato chiiractori5jpd by fhe 
pio liK^ion of stpiii loMon^ below the ^lound level, the appearance on th( 
tuixos of black in the foiin of ‘ chit that will not wa^shoft,” various 

'niiioi ijijui a s’aiKl stiuiulov oi accoiepaiivinji » fh ( (s ot^iat lici unceituni 
lelatioiiship \ aiioiis names, -uch as ‘ black tepeck," ‘blat k-speek stab, 
‘black scab, ' “scuil, “black scu«l/’ “russet scab,” ‘ Hliizoctonia lot 
and little potatoes, haye been applied because ofihe tubei characterb 
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of affected plants, whilf ‘"brown stem,’^ ""stem rot/' ""stem canker" and 
"" pf)tato collar fungus " are names based on t he nat ure of the stem attacks. 
Some other names suggested by secondary or accompanying symptoms 
have been used, such as "‘rosette/' ‘"leaf roll’’ and aerial potato." 

History and Geographic Distribution. Tho early bist/>rv ot Rliizoctonia diPoaseH 
IH somewhat fonlusod by Iho failurf* of writers to distinguish thi' tw'o common species 
which are now recognized as Hhizoctoma volant Kuhn and R crocarum (Pers ) DC 
The latter species lia.s been described in recent vcars under tlie ruinie of H tnediragims 
IX!) dr R. vtoldcea Tub and has been given more attention as a parasite of alfalfa, beets, 
earroU, etc., than as a potato pathogene The conunon Hhizoctoma of the potab) was 
hrst recognized t»\ Kuhn (1858), who ilescnbed the disease of tlu‘ potato which it 
<*anaed, and <;ave it the name of R solam This was ’ceognizial as ,i potato paiasite 
bv later European pathologists, and the disease of tin* potato winch it caused was 
dcHcribed iis ^‘Gnnd l)\ Soraiuu and as '‘dn ]^)ckcnklankhell hv Frank in 1S05 
The hrst American rc^xirt ol a disease due to Rhtzodomu '^ohua w is 1>> I’ainmel ()8*)1), 
but he referred the beet-rot fungus wduch be studied to R bchr Kuhn Atkinson 
(1892 1895) studied a ‘ Htenle” fungus as the cause of ' soic shin in cottmi and the 
darnpmg-otf ot oth(‘r .sei^dlings, but at the lime did not rccogni/c tin toiin as Rhizoc- 
tonia The first report of Rhizoitonia on potato in America we b\ Duggsr and 
Stewart (1901) Jt was studied bv Holts m (kilorado (RM)2. 1904; smi umisual 
importance attachial to tin disease in his two bulletins entitled ‘ Potato I ailuo*^ ” 
He discovered the Iniitmg stage of t’he turigns, proxiai it- relation to the sulitiurain an 
mve^'hum and, based on thx i de ii title at lou t)\ Piofcssoi Burt, refeired tin parasite to 
Corheium vagum H A’ C vai solant Burt Tins basnlial stage had j»n‘Mousl\ lieon 
recognized on potat/o stems bv Pnllieux and Dt laeroix (1S91) m h ranee awl descrilied 
as Ilgporhnus ^olam, although at that time the I'onnei tion with tin* jiolato Rhi/octoma 
was n()t su'-pecte<l Selb\ published studies on the ‘ rosi tte disease ol potatoes 
(1903) m winch he slated that “the ateiile tungus lUnzoctoma, is unhealed as tin* 
caui-c in the instances stated, bv its co''.stant pH*sence, fnit in tin light of present 
inionnation his conclusions wore too h.i‘*tx 

There is a voIumiiiouH literature on Hhizoctoma as the (aus< ol disease of other 
hosts than the potato, and since tin jiionefu work alreadx (itisl \arnms Ainenean 
and foreign writ* rs have dealt with vaiious phases ot tin Rhizodoma protdcin 
Hpecial mention max be made of thi deinoiistiation bv (ilovei oi tin* inefieelivenesa 
ot formaldehx de tor seed disinfection of Rhizoctoma-intecled luliers (1913), the 
careful revievx ot our knowh’dge loneeniing R solaia and h cruci^um bv Duggai 
(1915), the geneial discussion of the “Parasitn Hhizoctoma-. of Americ i bv Peltier’ 
(1910), th<* studies of Richards on the temperature relations ol the disease (1921, 
U)23), and the recognition ol physiological stiains by Matsuinoto (1921), Britton- 
.loncs (1924) and Thoinas (1925) Morse, Shapovalov, Drax ton, Ramse\, (bissow, 
Edson and others have made valuable contributions to our knowh'dge* ol tin* disease 
and the more recent literature presents a mass ot conflicting rejxirtb on the cflective- 
noss of seed disinfection 

R Holam, on either the potato or some of its other host-s, i.s known throughout the 
United States and Canada, South America and the West •Indies, India, Japan, Aus- 
tralia and New Zealand It seems to be prevalent to a greater or less extent Y^herever 
potatoes are grown Evidence points to its oeeurrence in rax\ d(*sert lands of the 
Pacific Northwest \Pratt, 1018). Cases are on record in w'hich the first crop of 
iwtatoes grown from clean treated seed and planted on virgin soil shoxved 50 per eent 
of the tubers heavily spotted wifh.sclfrotia For a tune it was thought to cause ttie 
most senou.s potato disease of manv section^, enpeciallv the more northern regions, 
Iwit this was line in piiii fio the eoiifusiou ot Rhizoct4min«xvith viiu.s disease s> mptoms. 



Dl'SEASES, DUE TO THE PALISADE FUNGI AND ALUES ^1% 

11 to roa<‘h its groatost scvrnty in tho northern statios and Canada from Maine 

to the Pacific Northwest The reduction in yield from Rhizoctonia for 1022 was 
estimated by the Plant Disease Survey, U S. Department^)! Agriculture, to Vliy from 
traces to S per cent with one state reporting 15 per cent loss. According to current 
(‘stiinates it is much less serious than mosaic and leaf roll 


Symptoms and Effects. — The grower is most familiar with the Rhizoc- 
tonia disease as the “dirt that will not wash off’' on the tubers, in the form 
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of black piirticlos of varying size These black bodies or sderotm are 
fungous structures which hav(‘ been dev('ioiK'<l by th(' p<*irasil(‘ during the 
growing period 11 tubers are vva*- •» * to ieinov(‘ all soil particles the 
scliTotia Ix'conn* nuicli more (*onspicuous and appt'at of a de(*p('r brown 
oi black color. This is the stage that has suggest fal the nanut^ of “black 
scurf,”, “ black scab/’ “bku'k sjx‘ck” nr “ black-spnck -^cab ” Ibider 
certain comiit ions srnooi Ii^uuxmI p<dato('s nmy show a roughened or 
ehecked comfit ion designated as russet scab, which has been attributed to 
lUiizoctonm. A more si'vere and dee}X‘r .scab sfmiewhat rebenihling 
^AclinoInvcefc s(‘ab has also been uttributetl to llhizoctonia, but most of 
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the evidence of the causal relation to this condition is based on association 
rather than experimental proof (McAlpine, 1911). While the rotting of 
1 uliors IS not a common phase of the disease, such effects have been noted 
by various writers This eftcct was described by Rolfs (1903) for seed 
tulx^rs; McAlpine (1911) described a eondilion similar to lale-blight rot 
w'hich h<‘ thought was causcfl by Rhizoetonia, and more recently Shapo- 
valov (1922) has reported Rhizoctonia as ‘'an important causati\e agency 



1 Id I rti ( ts of liizo( (oni i oil X)otalo pi ints i sterna cut off b\ the furiKii*? 

Mtiiri hsioii hkI lenal tulnrs f*hofo{/rnph hy h F Jhina ) 

in bunging about the jelly type of decay of elongated stem ends of Bui 
banks and Netted Gems in the West ’ Whether Rhizoctonia unaided by 
other ag^mciofe can cause ofien pits f)y the corrosion of the tissue is uncei- 
lam (Morse and Shapovalov, 1914, Ramsey, 1917), but it piobably does 
follow insect or other injuries and extend the pits or channels There is 
little proof that the irregular and malformed tubers <lescnb^d by Morse 
and Shapovalov (1914) as an^ effect of the disease are really Rhizoctonia 
effects 
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If young sprouts of affected plants are examined early in the growing 
season, the stems below the surface of the grounc^will frequently exhibit 
elongated, reddish-biown or very dark lesions which are in marked con- 
trast to the whitish dr slightly yellowish surfaces of the nor^nal tissue 
These lesions may extend foi an inch or two along a stem on one side or 
the stems may be completely girdled The amount of injury dep^mds on 
the extent and penetration of the lesions In some early attacks the fii^i 
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voung spiouts ni ly b< cut backoi ‘'Inuunloff ’ by t host lesions, and Inter 
crops of sprouts may suffer i like fate In the extreme cases lione of the 
sprouts aie able to reaeh the surface, and missing hills lesult, but in min> 
less st\1?ie attacks the later sprouts originating below a lesion, or directl} 
from th< seed piece, reach the surface and produce neaily^iormal tops 11 
the lesion is slow in develonmg or infection take* place later in the growth 
period, the affected stems may show basal corrosion and drying which 



Fi< * 2i5 Potatoea shu\ving uuintroua afltroU* of ueratfe size f^Jtit^otograph by B F 

Dana j 
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the production o' .lorial ixillary tubers, but this is no diapnostio char- 
acter for Uhizoctonii* ^dlowin^ and iollinf?-of leaves may also accom- 
pany severe Rlnzoclonia attacks 
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It is not uncommon for the vegetative body of the causal fungus to 
develop in such profusion on the stems and roots ^ to make a conspicuous 
brown mantle of interlacing threads which can be readily detected when 
the affecled parts are removed from the soil. This external mycelium 
may sometimes be v(‘ry abundant without causing any definite lesions on 
ro(ds, stolons or stems, while in other cases lesions may be quite evident 
and the fungous filaments relatively ineonspicuous. 

From early July and during the rest of the grovCnng season while the 
tops are still green, the stems just above the ground level may be covered 
with an evident white, powdery crust, which looks to the naked eye 
almost like a ehennea] mcru.dation. 1'his may be taint or very conspicu- 
ous and extend up the stem for several inches. Its presence's a certain 
indicat^‘r that the vegetative bf>dy of the parasite iS already well estab- 
lished on the underground organs. Its presence is no indicator, however, 
of ihc amount of damage from the disease. The author has seen this 
fniitiiig stage of the parasite in abundance, on a field of pntatoes which 
gave a higher yield then the avtnage fields of the vicinity. 

The injury from Khizoct<’ma is exceedingly variable and has undoubt- 
edly been overemphasized by many wTilers. 'Fubers which show the 
sclerotia even in abuiidauee not leally injured for table stock, but 
Iheu value lessened soinewlnt because of the disfiguring effect. Scle- 
rotia-beanng tubers are less valuable for seed stock, since it is lecognized 
that (hey ma> cairv the disease into disease-free fields, even though seed 
disinfection is practiced Re|>orts as to the amount of actual damage 
to the crop are quite conflicting for aificrent sections of tlic country, and 
vary from almost complete crop failure to no appreciable reduction in 
the yield of l.wble stock In estimates of the damage from the disease 
t(><) much importanee has b( eu attached to the abundance of the sclerotia 
on the tubers and loo little to the leai effect on yield. The number of 
sclerotia-liearing tubers and the miinb'r of sclerotia will vary with the 
soil moisture and &<nl temp^'ratures a i generally increase from maturity 
to digging time Jin increase from \ 5 per cent on Aug. 20 to 93.fi per 
cent on Oct 13 has been recorded (Bisby ct a/., 1923) Under conditions 
in eastern Washington the writer has never bc<‘n able to increase the 
yield of table stock by seed disinfection, even though heavily contami- 
nated seed was used in all cases In othei localities very kxmeficial 
lesults have been claimed lender c u ^^tions in which severe stem and 
sprout injuries characterize the disease, the crop may be expected to 
suffer reduction in both quantity and quality 

'^hc common Rhizoctonia disease of the potato is not to be confused 
with the violet Rhizoctonis (R crocoium DC.), a trouble that has been 
noted oil the ^itato in the Pacific Northwest and in Jlebraska (Fans, 
1921). In this disease the tubers show a very conspicuous mantle of 
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brownish- violet or violet mycelium and mycelial strands, ordinary sclero- 
(la and numerous miorosrl<Totia Ontertion cushions) 

Etiology. -Tins disease is due to a simple basidiomycetous fuup;us, 
Coittdum Vfiguw B (’ , v\hiLli in its ‘-tonic mycelial st<igo has UK'n 
dosenbf‘d undci the name of in ^ulom Ivuhn It h is bet n oleaily 

pro\od by pun cultuie Hio(uliti< ns lltit tins pnasno is iblc to form the 
eh iiactonstic ^tim ir '-(«'lon loMon*-, md Ihil ii t in uiduit i lotting of 
tubtus At time*- hove\(i, the mycoliuni m iv be picsent in abund uiof 
on the surface of -l(ms roots iiid IuIkus wiOi little or no e\idontf of 



I lo 217 1 portion of potato skin bIio' me Bection ol \ Bfltrotnon F follM lioni 

m< 8t fompatt Hilcrotial tissui C c< lit. from loost «(ltrotial tiBSiio I) d)'j*ni>utn< hvpiii 
from surface of h tnlnr / a basKiiiiin ami l» i^cidiospon s of < >U/r? tn lau n i ifhr H 
F Dana ) 

disturhanc<‘ in the life of the host It has been “^hown, however (Bdson 
and Shapovalov, 1918), that R solan i Kuhn is not the sole cause of lh( 
familial stem lesions, but that \ arums other soil fungi, acting independ- 
ently or in conjunct ion with Khizoctonia strains^ are also causally related 
From the early work of Holfs (1902, 1904), Selby (1903) and others it 
‘^eems that the diversity of the Rhizoctonia effects on the potato has 
been somewhat exaggerated The widespread occurrence of R holani 
and the repul atu n which it gained as a parasite led to erroneous conclu- 
sions which were based largely on the presence of the parasite In some 
sections it is almost impossible to find potatoes that are free from the 
fungus, and in oertaii cases the effects of virus diseases have thus been 
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attributed to Ilhizoctonia on purely circumstaiftial evidence. Whether 
Rji/.octonia can act on the root syslein of the }x>tato in the way suggeated 
by CilisRow' (1917) seems somewhat doubtful. The author observed this 
killmjr of the absorbing roots, and the subsequent early death of the tops 
without the afij^x'uranef* (vf tlu^ charaeterisiic stem lesions, and at first 
atinbuu*d the t^ftccls ^o Khizt'etnuia, but later tests have shown that one 
of thf virus diseases 'wa.'- the real cause, since all tlie symptoms were 
ilupiieatf <] in carefully treated seed from hill selectums in sterih's'^d soil 
in wnich n(> trace of Hluzoctcuna could be detected. It secuus .'ertain 
that U‘af roll, mosaic**, russet dwarf, wilt lies' broom and other degenera- 
tion (i’seases ti.iv'c bf’en ctuifused with tlie Hhizoetonia dis^Jase There 
appears alst» an ^ lene‘t»t of d^uhT as to tlie caiLsal relation of Khizocronia 
fo the jui'* a- dt'snab(d ]jy Uamsey {J917) from Maine mat<‘nai 'This 
condiMiui tcj'- als(. been noted \v the Pacdic Northwest, and Avhih' Hluzoc- 
toiua ha^ generalh bc^-n tuQiui in the (‘orroded tissue, the cysts described 
for potato p<»x hive al^o heen f(?un.d 

\ roiu (‘Mdeiice nov\ in hand i( seiaie that many of the secondtiry or 
accom]>anyjng syrupUam an' not , in reality, to be attributed to the action 
oi I lie jiMasoe, but t(' cuhi’r eiiviroiiiiient td fad ors f>r1o virus diseases of, 
lla* var^ou.-* tyjiei- S<im( of thesf arr tiie ‘'rosette diseavse’’ as d(\scribed 
)>y S(^i)\v .dfHKi;, ];u*iie top'. but no tubers fJJolfs. 1902, 1004h little jKita- 
toei-, aerial tub ?'^. tuber^ lull i\o top, irregular oi branched tuliers, 
ih'foiined, split or cracked tubers, and giouping of tubiTS close aroynd the 
s,em. While Hhizoetonia may play a part in some of these effects, it is 
clearly a minor or se<\)ndary factor 

lihizoctoma may be prestml on the subterranean portions of the potato 
i.^- a sup(*i herd nniahum or in the b^rm of tiiycelial aggregates, or '‘^rlcnh- 
//u, while the ^jioruiating or h^itudiol stage develops upon the stem aiitive 
th*‘ soil, on h‘af petioles or le.aflets close to the soil or sometimes on the 
surface of tlu* soil The 3 amng \ getative hyphiP are colorless, vacut>- 
late, septatc*at intervals of 100 to 200/u and invariably show^ branches iTiat 
arc more or les.s constricted at their jx/ints of origin from the main axis. 
The liyphje soon become colored! and then are evident as a web ot weft of 
yellowish-brown or brown strands, frequently so abundant as to bf 
t'vident to the naked ey<\ but somiuimes s(, few as to require microscopic 
examinatKU) for their detection, '’'he nuist mature hyphie are very 
dark, rather rigid, the cell walls thicker, the cells of uniform diameter 
(S to 32/ij and the branclK’s arise generally at right angles To the ifiain 
axes. ,In the organization of sclero^ia deiisiT tufted groups of hyphac 
are formed with profuse branching, shorter cells of irregular diameter, 
showing lobulated, elbowaal or moniliforiii tyjx’s. In th*e case of selerotial 
formation this type of grow'tli begoines still more compact. 

The sclerotia are produced nitigt abundantly on the tubers and vary 
from minute cell groups^barcly visible to the nakecBeye to giant sclerotfa 
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' an inch or more in diameter They are rounded or irregular, more or less 
flattened, dark brown or almost black, smooth on the surface and are 
quite easily detached fron* the skin, which is not generally penetrated by 
my of the hypha^ Drayton (1915) has recorded the occurrence of sclero- 
tia within the cortical tissues of stem lesniiis and the fx^netration of the 
hyphac into the vascular bundles and pith cells The most compact 
sclerotia appear in sections to be made up of closely grouped cells with 
few intercellular sjices, a pseudo parenchyma, but less dense sclerotia 
may show a spongy structure of short irregular ^‘bloated'’ cells with con- 
strictions at the crohws-septa 

Under suitable conditions of moisture the network of brown hyphie 
which clothe the stem advance upwards around its base and form a felt- 
like mantle of white fruiting hyphae Numerous branches produce typical 
basidia upon the surface of the mantle and a white, powdery appearance 
IS characteristic of the mature sporulatirtr condition Each basidiurn 
produces four atengrnata, each of which pioduces a hyaline, elliptical or 
obovate basidiospore, 9 to 15 by 6 to 13m This fruiting stage was 
described as Hypochnvh soLant by Pnllieux and Delacroix (1891; ind this 
name has been goner illy retained by European writers, who bohevc the 
fungus should be referred to the Hypocnace<e American usage is based 
on the determination of Burt from the study of the pnitato collar fungus 
studied by Rolfs in Colorado (1903) 

The abundance of the basidial stage is probably accountable for th( 
widespread occurrence of Ihe fungus Potatoes grown from heavily 
infected seed have been noted with 70 per cent of all the hills showing Ihe 
sporulating stem collars The basidiospores arc forcibly abjomted from 
the stengmata and are wind-disseminated They are able to germinate at 
once and establish new mycelia either in the soil or m connection with 
other hosts The parasite is also spread very generally by the use of 
potato seed stock that is carrying numerous sclerotia Under conditions 
favDrable for the growth of the potato the overwintered seleiotia soon 
develop an active mycelium by the production of hyphgp from many of 
their component cells When an infected potato crop is harvested, 
sclerotia and also vegetative mycelia are left behind in the soil and are 
ready to attack any susceptible crops that may follow on the same land 

Predisposing Factors.— The most important factors influencing the 
seventy of the Rhizoctonia disease of potatoes are the soil reaction, the 
fertility of«the soil and the soil temperatures which prevail, especially 
dunng the early part of the growing penod 

R solam makes its best growth on an acid or slightly alkaline medium 
and consequently seems to thnve best in acid soils Its behavior is just 
the opposite of the common scab organisms, which develop best in alka- 
line soils Liming the soil for the correction of acidity has been reported 
to ador'd some relief, hut it has not been uniformly successful Fertilizers 
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that increase the acidity of the soil — for example, acid phosphate — will 
make conditions more favorable for Rhizociofim and have been repjorted 
to increase the per cent of infected tubeis. In some cases the application* 
of sulphur has increased the severity of Rhizoctonia, while in others no 
appreciable effect has been noted. Libf*ral applications of barnyard 
manure have generally a reduction in the per cent of infected tubers. 
The prevalence of favorable soil temperatures is the most important 
factor influencing; Rhizoctonia infection and injury. Richards 0921) has 
shown that : 

The greatest damage occurred between 15 and 21 ®C., while 18®C. proved to be 
the most favorable temperature for tissue destruction well as for gro\ving-|>oint 
injury. Serious destruction of tissue resulted at The soA^nty-of attack 

decreased rapidly above until at 24° (' naginn proved to be of .minor 

parasitic importance. Few typical lesions occurred at or above 27°C 

This tenirperature relation will explain many of the conflicting lesults 
that have been obtained by difTerent W(>ik»'rs ami will also explain why 
an early-planted ciop generally surfers more from the diseasi^ than later 
plantings 'Fhe reason for greater injury to the early crop is apparently, 
tluai, based on the cooler soil tenipc'ratures, which favor the growth of the 
parasit(‘ during the early growth of the crop. I'hese conclusuins hav^ 
l>een substantiated by both greenhouse eultures and by field tests In 
practical application of these facts it may be noted that the tem|XTatiires 
wduch are most conducive to the Rhizoctonia injury are also the most 
favorable for the growth of the potato plant. 

Host Relations. — An enunuTation of all the hosts of K. solani or its 
strains w'ould be beyond the scope of this treatment. In addition to the 
fKdalo, many other cultivated plants are susceptible and many of the 
common weeds of our fioi . aiid gardens are known to harbor the parasite. 
At least four genfTal groups of symptoms may be recognized: (1) the 
damping-ofT of seedlings or of curings; (2) the stem rots or root rots, or 
the rotting; of nnA crops; (8) the rotting or blighting of foliage; (1) the 
rotting of fiuits. R. oolarn ranks with Rijthium dcbnrtfanum as an impor- 
tant agent of damping-off, anji is probably more serious in this connection 
than as the cause of disease in older plants. The majority of the seedling 
hosts in which darnping-oft by Rhizoctoni i has been studied Mong to the 
Dicots, but some Monocts are krt wn to be susceptible— the onion, for 
example -while coniferous seedlings frequently suffer severely. The 
damping-off by Rhizoctonia is not confined to seed beds, biit is serious in 
both garden and field, as may be illustrated by the damping-oflf of beets 
and! he sore shin of cotton. Damping-ofT of cuttings by Rhizoctonia in 
the propagating house is a phenomenon of frequent occurrence. 

Herbaceous stems or roots of various hosts may bo affected in much 
the same way aft the potato,^* while woody stems may sometimes be 
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invadcMi Boanfi, boots, oairotfl, carnation, eggplants, peas, radish and 
swfTt [K)talo are somo^df the more impodunt adult herbaceous host.s 
The authnr has found Rhizoctonia as the sole fungus m lesions on rasp- 
berry ^‘Mfies in<l (in young pear trcva. In fl(‘shy roots like the beet, carrot 
or radish a ( rot has boon noted in which the infection takes place at 
the bases of the l^^avos. 

The invasion (*f the foliage is not so ire(juont :is the other phases of the 
disease^ Onf illustration may he cited in the cast* of lettuce, in winch the 
leaves of nntiire plants irrown urnUr glass were netted, the inner and 
younger leavev*^ completely, the outer or older leaves all except the midnh 
In such a case the primary’' in\asJon was through leaves in contact wiiii 
the soil 

A number of cases liave been studied of rotting of fruits due to R1 m/o(’ 
t(iiiia In U\ans grown on contammatod soil many pcyds m contact with 
the soil may tie m\aded during j^i^'riods of moi^t oi rainy weather A o)! 
of either grer n or ripe tomatoes is not uncommou and has U^en obser\ofi 
in numerous localities. The author has hMind it under even very dr} 
conditions in Washington, and :n such eases the C orlieium ^tage has Ixm 
develo|M‘d im the side of lla fruit in eoidaet will* thi sf>d The fniit-^ 
eggfilants are sometimes severely roHed by RhizoeK.nia, hut these fruit 
attacks d(* mit seem t(j he estH*ciaUy eoninKui The author ha*, also 
studied a rot of strawberries wlijeh wa^^ siiown u. bi due lo Khizoctoiiia 
A ixirtion of a tiehj showing tohng( svmpiotu^ of t fie disc- s(> ancknumerou^ 
cases of sponilation on the led petudes \ added nunverou' Nthc^ in ron- 
tact With the soil that re Oft^eci by Rhi/iM'tonia ah p*n»ved by ^uhuies 
These also showed tlx (\»rTK‘ni'u -tage ot the fungus on i he surface 

Biological Strains, d ti< e\js en<*e of \ai’)L physiol(»gic atraiiis of 
R, solaui has In^en recogni/ed althvuigh iheir separation has not been s(, 
clearly dchned ;ks u nunuitaj^ otlnu paThogencs Alatsumot<» i lt)2h 
recognized si\ strain^ {mm .i -^tudy oi [Ty isolatiiU's tnun j:)Otat<\ Is'an, 
lettuce, dahlia, eggpunt uid Lhdiernana from i’aliforiiia and Mnsoiip, 
on the basis )f (Miilm d -mkI [{Lv-iological chaouters and rwithogemcil v 
Brilton-.lones ( l'd2 1 ^ inda-d is •! o n*x»n (sd Utn tiom I'gypt, Kngijnd, 
India and rnited Si Ue^ bur eore-lud* d it all wen strains of R. .^oiani 
Thomas {,1920) studu'd stiaiip tnun I urojie, America and Java, showing 
variation in cultur<l rhanu Te rs, {em|x*raMin‘ Papureinents and parasit- 
ism I.ow-lemp<*mture and lugh-temperalure strains were recognized 
Moniliopsis a<J( fholdii vias (dassexl as iUio of the strains of R. solarny bu{ 
this IS contraiy to the conclusion'^ (^f Wellensiek {1925} 

Prevention or Control. No single praefuje will 'meet the needs of the 
potato gnawer, bm s(\erai lines oi fiiocedure are available, and emVihasp 
on these will probably vary^ m different environ merits. S(*>ed scleetitui, 
seed disinfection and cultural piactices inu uded to avoid or lessen infec- 
tion are all of value. 
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1. Seed SfUriion — Tho of sclrrotiji-fr (‘0 seed stock IcsRcn? the 
chances of heavy infection and ])rf'\ents th(' ndroduciion ot tlie parasite 
in larjie ([uantitie*^ inT(' iu*\v fields In some (‘asc^ s(‘lection alone has 
^i\en h(‘lter ihan seed dmnt(-c!ion, ]«ijt m ne*iiy (‘n\ U(>riinentH 

seo<i vlisiiifeclion is nec(‘ss:u‘y hecau'-e id other tionbles 

'2. Sad [>isaif( rfion flu' coinni(*ii oecnrieiua of si'cd-honu* potato 
oar/isiies, whieij can he killed [»\ i!i< application of a famtuade, has 
pn)inpt(Mi a jit^neral re< ,»mTiu*ndation oI s(‘(d <li->mn ‘‘t loii d<'i details, see 
Potato Scab, p. ^75' ion Uhizoclcaiia. which I'n nion* rcM^-taid than 
scab oi blaclvlca the tollonim; hav* lutn n coiiooen led tiu ^laiidard 
cold corioM\(‘ Mil)li!iviU tin ino'idusl •uMd-<‘onr.Miiiimi mt rcunc chloride 
(]a*ai h , / a/ , 1021' o fla* Ina corro.-ne sublimate, ami tiie hot h^rmaUle- 
liyde inercary du.''* ^ aiul dip-' jjvmi c<»iitiol under sr)me 

coiuin loru-^ a rcMi'i of the expetmant il ''f the last few years 

(I * wlatle nuutt r of -^u-d di-'infect ioi» lor IJIu /o( t oeia cfuuo)! in a rather 
unsidtled condifiuii, and tlu' (oujse i-‘ t^liovv inuM l)e j^lcaned fro»ri a 
liiai”) (A coht I’aiy ev neru n( e^ It now seeiu'' •[ *notrul if sei d <lisinfeclion 
a'- '' ah».ibi(’ le topcmt;, 'o Im\ ‘uae m loany neither 

mei'tM^rdj u!( MM'tu.n nor incn'a-'eu vHhKhine (‘layton (1929) 

ami ibal/ '10110' -into that mmmI dpudectum for Hiiizoetonia control is 
n«‘t -'iifhcii Ml> ])ioiiiMl to jus«ij\ A\* ( \p( 

d tbo7u o/ APetdi Ui Uj r* bo otv('ii to th(‘ following: (a) 

rola(**'n ti' a\onl (‘oni amu. PeU nsino uon-Mpcepl ibie ciops, such 

.e small ‘grains ui <‘orn , i ho a \tad<iac' ol *0 ui ti'rtihzers, and the use of 
iime o{ uj I nurc , i/nl( t Ut pie\dejue.,t e<. b * 'j>[)o ii ^ 1 m }>lanUnt* late 
Mjon^l) t< nw 1(1 t h( « 1 a w <» <j>pei at me.'' ('^pechdlv lavorablc To 

rliC diseaM*. and w/ hMi\e>«(mc la mm u matuTC to pie\cn( Mie uicrease 
in the immbi'r of srifu’olia b\ Mic lemaminu \n the jrronnd when 

mopt lie iiai wm]KoiMo< sa iiiaan an t'iV(*r-d)h lor ilu‘ eonlintied 
growth . ^ I la pat 1 n 

S(‘i\*(t(‘d '< k o p I i 'C'l lo <1 (HH Um o nnlat i n.ethodtS 

and planwd wiili-'ha eoc'.i e 1 a' 'dt md f • ip oi m iv hr e\|M*ete<l 

tin IucIh'"' P'‘M Ml ui# ' il d Nf a a -1 ie( uIkT'^K.P coi b( iproduced 
undm thf- ctuidiino,- whah pimad 

Relereut 

L 11 Vnliiuii'ii' Tion-.u »1 '* a i.M't /niw Vg/ 

h •}) Hn> 16. _l/> 1 

tauiiafax b })iao^'a\, }i^,>n,rf.u nKiui ei . -p B >l Mm Si>r 

J^.arut 7 JJO JJi /.sm • 

liTom.l [ ^ iMK dia I r^«f(o('oii t hi} >^'a linl 41.30 30 

Donpiri^olt l.v i ^P la tunji i- { i*r nOl i t >i \n h 't'l Bu! 94 . 

3i‘J isor» 

Die,<,\K, b r K(M»t I(it ui hoH- ('^rnf'l Tro; tlc'' Bf'P Bof 163 : .'iit9-352. 

1809 
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Dx GOAR, B F AND Stewart, F C The stenk fungnb lihiyoctonia Cornell Untv 
Agr Exp Sia Bill 186 50-70 1901 

Bolfs, P M Potato failuies Colo igr Exp ISta Bui 70 1-20 1902 91 
1 33 1904 

hj'TBY A D A rosettt disease of potatoes Oliw Agr Eip Sta Bui 139 ^ 

1903 

StiulK s in potato ros< tt< II Ohio igr Eip bta Bui 146 15- 2S lOO'i 
1 M CorhcLum tagum H & C Vai solarn Burl !bneric< n s 18 729 
1901 

pAUiKK K W Laigi pot ito Vinos and no potntxHS Colo Agr Eip ^tn Bui 92 
1 8 1904 

M< \lpim! 1) Rln^octonm rot or potato collai fungus hi Pot i to Disc is<s m 
Austialia, pp (>(M)5, 7t 77 1911 

pjHAW, 1 J r Morpholog\ and paiasitism of Rhi7a tonii Dept 4f/r India Mem 
4 ll.'P 153 1912 

CjLoIer, W O Th( ttlKKiKN of formalddndt m tlu ticitnunt ot potatots for 
Rhi7octonii \ 1 {(iteuiia) Agr Lip ^ta Bui 370 117 411 19H 

Moksf. \\ I AND 8hapo\ Ai o\ M lh( Rlnzodonn distast of lh( potato Me 

Agr Etf Bta Bui 230 191 21(> 1914 

Dhayton, 1 L Rhizodoni L 1( sums on jMii ito st( ms Phgiojmih 5 59-0 'V 191) 

iSha^, I T I AND AiiUKAii S L llu gMiiis Rhi/<)( toil i<i in 1 idiu Dt pt Agr 

India Mem 7 177 194 1915 

Dit(J( AP H M lihxzoctonin crocomm ) IX ml H olam Kuhn with not< s 

on othxi spt( us Ann Mo Boi (oil 2 4t)l 15S 1915 

Rhi7<)( tonia sol uii in rt 1 ition to tin Monopil/ ind tlu ‘ V( nm hrungsialz 
Ann Mo Bot Uard 3 1 10 I91() 

Pi'iiiiii, (» 1 Parasitu PliiAutonns in Vim lu \ III \gi trp s'% Bui 189 

2K1 m 19U) 

Ramsix (i B A fonn of pot ito dis( IS j>ro hn ^ d })\ R) i/fu tonii / uj igr Bes 

9 421 420 1 )17 

CiUssow 11 r llu palhogcnu kIiof of R) i/odonn on jxtfatt Ph do path 7 
209-213 1917 

Pkatt, O A Sill hiMgi III h) i*i<ni disi ims ( » 1) ( Irish pot in sontluni Idaho 
Jour Agi Bis 13 71 lOd 191s 

CoONP G II Scid tul 1 1 In itimiit'' loi potilois Pf gfupath 8 157 4M 191S 

Edson H \ ^Nll 8ii Ai AJ )v M Pot ito st( 111 1( sions Jour \q^ Bes 14 213 
219 191S 

Mei^hus 1 1 AM) (ill MAN, 1 ( All iinpio\(d nuthod of jwtito sifd treatment 
louHi Agr Pip S/a ( ire 67 1 S 1919 

Rkhaiids B L P ithog( nil il \ eA ( orlteium ago nt on Wu pot ito is itfi(Udb\ sod 
temiuriture loui igi Be 21 1 19 tSJ < 1921 

I AKis 1 A V iol( t root rot Bhizoctemia ctoe nun IX ) in the I iiitid Mattb Phyla 
IHiik 11 IM 421 1})21 

Matsxjmoto r I'li\ sudogK d sped li/ition in Bkuocionia i>olani Kuhn Ann Mo 
Hoi i.anl 8 1 (>2 1921 

Shapovaiov M Bhuoetonia soleini is i ]M>txto tuhii rot fungus Phyiopath 12 
334r-d()‘ 1922 

Rkhaups B L 1 Hither studies on the pathogcruitA of ( orlienum vagum on the 
jwtato ih df((t(<n)\ hod teirperatiiii lour Agr /^es 23 7h\ 770 1923 

Bisba (f R Hkiiav I I AND Gkoh II P<»t ito seed tie at in e*ni te‘fetto 111 Manitoba 
Sn \(}T 3 219 221 1923 

Britton Ininhj H R Strains of lU izoctonui aolani Kuhn (Corticiuiii vagum 
Ikrk k Curt) 7Van^ Bni Myc Boc 9 £00-210 1924 
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MCller, K. O.: Untersuchungen zur EiitwickeiungHgeschichie und Biologic von 
Hypochnus solam P. & D. {Rhizoctonia salani K.). Arb. Biol. Rcichanst. v. 

Forlstw. W : 197-202. 1924. 

ScHANDER, R. AND Richter, K. ! Die Rhizoetoiiia-Keimfaule der Kartoffel und die 
Moglichkeit ihrer Bekainpfung dnrch Beizung A ugew. Hot. 6 : 40H~427. 1924. 

Dana, B. F. : Tlie Rhizoctoiij;* disease r>f ihe |>(»iato Wash. Agr. E.rp. Sta. Pop. Bui 
181 ; 1-30. 1925. 

: The Hhizoi'tonin disciaaeof iwtatocs. K ^s/f. ^yr. K.rp. Sfa. Bid. 191 : 1 77. 1925. 

Rader, J. M , Hunoerford, C. W and Ch.afman, Naomi: He-ed treatment control 
of Rhizoctonia in [daho. Idaho Agr Exp Sta. Res. Bui 4: 1-37. 1925. 

Thomas, K. S,: Onderzoekirigen over Rhizoctonia. 97 pp. Ftrecht. 1925. 
Wei.IjENsiek, S J.: lnfektit'pr<rven mef Rhi/.oetoiua en Monihopsis op lomat en 
aardappel 7'ij d schr. Plantenz. Zli 2Xy 250. 1925 

Braun, II.; Die Bekkmpfung vou 11 ypodnin.-^ sfdurn P. &. D. {Rhizocto^tia soiam K.) 

durch Beizung Arb. Biol Reichonst. f Land- n Forshr. 14: 411 454. 1920. 

MArMiLUAN, Jl. (i AND (^HKisTtA’SEN, A A stiidv of potato .sct'd (reamnait for 
Rhizocloma control. Wyo. Agr E.i p Sta Bui 162-57 <)7. 1927. 

KAJb.i>EK, J. M AND III NOERFOUD, il W.'. S(‘e(l-t icatmcnl eontioi of UliiztiCtonia of 
^xitiitot ^ III Idaho. l^hylopdlh 17:793 SI I 1927. 

RAYiiLo, A I : .\i't,iljcial infection with II yporhnu<^ solmu. Mate^. MikoL Fitopaf 
6 : IGO 179 1927 

White, R P.: 4'he efficiency of oiganic niercurv comfKiundH foi the control of Rhi- 
zocloma of thepolah'. /Vec Poialo A.-.'^ifC. Anni 13; Si 97 1927 

• i*o(ai'> f'xjierjfm'tits for the (or>fiol of Rfnzoeloma seah and l)Iaekl(‘g, 1922 
1927. K(in .Agr Exp ,Sh/ Tak. Bui 24: 1 .17. 1928. 

Ola'^ ion, F K P()t;(h)-se(‘d <rentm(‘nl evpcnnn nts on i(Ong Island uitli spivial 
reference lo llie org.'ini*' immiits m^t.int dijis , F {(ifncro) Aip' Exp Sin. 
Bid 664; 1 32 1929 

(loss. R, W AND W ^.K^a.u, 1( () Sei'.i p^taio Inatim'iit te.sts for cvinirol of sv*ah 
and Rhiyoclonia A c5. Ay, Er^, ,s/<. AV.-.. Bui 44: 1 42. 1929. 

I.nvin, .1 ( \ . .loHNM^N. II \\ /vM) Parson, 11 F ; Th'* use of acululalt'd mtneunc 
chloride ,11 di.^mfeci mp, polalo luheis un th(‘ control ol Rhizoi-h^nia I'hyiopaih . 
19 : '"13 721 1929 

Maicijn^ \\ 1] Th* \clui of ( "ane' mercurv c(iM'}»oun(Is for ■'ontrol of horin 

sea!) and Rlii7(*v'lnrna Fnh Fubifo A'^xk .1 nm 16: 73 S7 1929 

Scnri.T'/, K S , (RfM’/., L () am» Bondk, R • Sec<RpolaU> tn'atnn nls hu Rluzoctoma 
condij“'t(*d 111 NoMheasU'Mj Maine h(> 192.5 to 192S, Bnu' Potato .A ssot . Amvi 

16: 102 112 1<429 

Braun, 11 ■ Der W urzeltotiM der KartoiR'l, pj) I 109. ,hihi»s Spi inger, IV-i hi. 1930 
BIto^\^, Ji A Tlie org'iiiM* nn renrv eonijiounds for tin cordiol of "'(ad) and RIumic- 
toiiia o) potato^'.'' Ponn {Sto/W') \gt.Etp Slo liul 164 : S7 lOti. 1930 
(iicAT/, ]j O ■ 'J'he eil(*c1 of peta t<i-.se<*d tr(‘atment on > leld and RhlZ(>etoFU>.s^'^ in 
Jdond.a Iroiii 1924 lo prju Fla Agr Exp. S(( B'd. 220; 1-34 1930. 

THE MUSHROr M ROOT ROT 

At miliaria mellea (Vjihl.) Sacc. 

The mushroom n/tif rot is a disoase which afTocIs various coniienms 
trees, many broad-lcavi-d forest trees, various fruit trees, the grape, the 
bush fruits apd various wilii or cultivated slirubs, ctuising a rt^tting of the 
bark and wood of the roots and crown followed by death of the host. It 
has been designated as the sh()dstring-fun§;us rot, Arrnillaria root rot. 
crown rot, rhizomorpluc root nil, toadstool disei^e, and on coniferout; 
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trees Ihf* naiDf' ‘resin oi '‘icsin p:lul ’’ js soirietimeft applied The 

C’lusal is ^(‘iieijally lefoTiul <o the ^honev the “oak 

ftinp;u‘- ’ t»r ilie * shueNtunjr funj.nis ’ The ^^lerman names are ''Hom^- 
schwemni/' ‘'llonjppil/ ind “ riallnnaseh Ihe ITench, •pourndie’^ 
and “mahulie des lacineh 

History aad Geographic Distribution Mthougti Dm < iu^tI ttingu^ \s v^x dtMribdl 

m 177 7 I ^ V Jil, i1 \\ not tninl lo nn '» litti Unit it w i‘5 

nfogin7<d I piii^iilK ionii 'huf) ol niir i ^rl i u(>^^ (ilg» wi thi*- (Jisihsp <oiius 
in\ ^ Oion- II o tiy » IS7 1 lS7s , uho it ^ b< < iv < ill^ d thi uilhor 

otton'*! peliologx Fh* 'll t ludi*-"*)*)' d tIk <li',( is^ to h< wf\ uiipor t mt in Uu 
of < T( I Ml ^ ' ( f) tin ' ino »» fi lo I lid ind lIcLitig <l<uni(d (liit I 
jttAJio w d ii n pi’i-tii ij <jn /*/ / nun nd }* ilftrnt n, bid snpTophv ti( on 

ol hi I til ♦ *' vind ( o()t t 1 to t h< d iidi dll n o thf *.niln i 1 iiin? v it k u pd ic " 

H^irtig hi^t 'iho \ tl thf u« i * on’ t 1 m*ii in I i\m n thn j hizonioiph" u hi( *i h id hfH n 
Know I d Rhi on o, f hfi (Atti f tint / }*» i m(* /f jhnni >( oh'' J*i d n d tin “poiofihoK 
of {(jonrtn nn lint Pm v Kd l< hi** work tli < p« Ji i 'iti iK tui' •> h <lhMnhiii<\dl 
lo iu 1( ng to I id'M -^T |di iti oni li'-tiiit nin sot fungi 1 >f Dus, Hiofi Id 

‘ind o1 hi IS OM ti ibiddl to < ih 1 no \ li d«i o t i d di ♦ di t hi oi k o'” 1 1 u t ig is of * lu 

ino'-t Old inding npoM imi Inipi it Ud \i itt i t id lo t ronlni d i i i d« o^ 
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Symptoms and Effects. The first e\tern*iP symptoms of the 
are the decline m vigor and retarded gio^\th of Mie plant a*? a whole oi 
of certain branches Lt'aves may lenuin undersiy( ind scanty, turn 
yellow and 1 ill piematurely, and branches rna^ du b‘ck \ debilitated 
condition of this -.oit is no* dM^nosiic f Annilluia M»v)t lot, but may 
f()llov\ olhd tungviu Ml iibles t / , siher le J [Steumn pu) f bar- 

leiial (ol'ar lot [li arnyhinju ) oi colht toI dm to winlii injiiiy) In 
comfeiou*^ trtes theie maj bi an abuoimal CAuJatiiui <)t n-iii tiesinosis') 
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able ovidencf* of the true nature of the disease (Fig, 116). The lal 4 ?r 
appearance of the flharacteristic groups of honey-colored toadstools 
around the crown of the affected plants will give final proof of the presence 
of mushroom root rot. The fruiting bodies do not always appear, and 
are generally not in evidence until the host is dead or in the last stages 
of decline, hence main reliance in diagnosing the disease can be placed 
on 1 he presence or absence of rhizomorphs. 

The injury from mushroom root rot will vary somewhat with the 
location of the zone of attack, and the rapidity of advance of the disinte- 
gration of bark and wood. A susceptible host once inf(‘eted is doomed 
unless the parasite can be removed or cheeked in its advance. On some 
hosts the progress of the disease is very rxpid, and fatal results follow 
the same season or the season following the initial infection, while in 
other eases (oldei forest trees) the tree may make a hopeless struggle 
tlirough a per.od of years in, a crippled condition The disease may 
cause injiirj'' by: (I) the localized attacks on roots, followed by their 
(leath and th(' indirect effects of this root loss on aerial structures; (2) 
the partial or complete girdling at the crown, causing a physiological 
separation (d remaining liealthy roots and aerial parts or very seriously 
interfering with the movements of both crude and elaborated sap, ending 
in death of the tree; and (3) the reduced surface extent of the foliage, 
stunted and fioorly matured fruits, and v(‘ry scanty'' growth during the 
progress of the dis(‘ase. 

In orchards or in pure stands of timber th(‘ a fleeted trees gcmerally 
ap|)oar in spots ut groups, and these il watched will be s(‘('n to increase 
111 size as more tn'c- b<‘Come affected, the diseas(‘ sprf'admg from the 
original eeiitiu* of infection Where the disease of k^eg standing and 
many foci exist, tli(» affect (‘d areas rnaj' merge more les^, thus obscuring 
tlie points of origin. In Oklaiioma the distribution of tlu^ “rhizomorphic 
root r<jl of fruit trees” followed the location of the timber belts ''Wilcox, 
1901). In hairope essentially the same relation has been noted in succ(‘s- 
sjoiis of fores! trees, tlie infection becoming epiphyi(»tic,^Cs^P^cially when 
conifers follow broad-leaved trees According to Ililey 0919), more 
tn'cs die in Eurojie from the attacks (^)f Armillaria than from any other 
parasite. In almond and citrus orchards in (\difornia it is noted that 
the centers of infect ion frequently eoincide with places where oak trees 
formerly stood, the fungus spreading to the fruit trees from the remains 
of the old oak stunqis or roots. Some idea of the amount of damage 
in prun< orchards may be gained from the progress of the disease 
through a period of years, as shown by the tabulation on page 845 (Piper 
and Fletcher, 1903) 

The explanfition for this heavy loss is the fact that th(‘ prune orchards 
were planted on cleared land on which the native growth had In^en affected’ 
l)y the root rot. 
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Orchard No. 1 . 1053 tr«<is ' 

• 

Oroluird No. 

2 5000 trees 

Year ' 

Number dead trees 

ea r ^ 

Number dead trees 

1895 

6 i 

ISOs 1 

Di'-case evident 

1896 

! 77 I 

1900 

3(K) 

1897 1 

40 

1901 

300 

1S9S i 

G1 

1902 

250 

1899 

154 



19(K) 

125 



1901 

117 

1 



Total 

( 

1 T<itul 

850 


Etiology.— The miushroorn root rot is due to Arnullaria mciJea (Vabl.) 
Saec., a common and widely dislrihuled gill fungus, which produces 
sporophores of the Agaricus or toadstool type. This funjius is ahl(‘*to 
lead a saprophytic existence on stumps and roots of dead trees, but under 
favorable conditions it becomes a serious wound parasite. Some observa- 
tions and experiments have led t(' the conclusion that this pathogene can- 
not enter th(‘ n(;rmal unbroken tissues of roots f)r crown of some hosts, 
the healthy bark serving ns an effeelive barrier, while there is evidence 
that in the case of potatoes, r(»ots of citrus, etc., the ihizomorphs may 
penetrate directly into healthy tissue. It has, however, been shown that 
wounds are readily penetrated and also that dead roots an* easily entered 
by the rhizomorphs. This |x'culiarity of the fungus will explain the 
increased seventy of the disease when trees are suffering from unfavorable 
environmental factors which lead to loc/ihzed root killing Ililey (1919) 
offers this absence of dead roots as tin* (*xplanatinn for the fact that iaich 
woods remain practically free from infection until they leach an age of 
more than 15 years.^ 

This fungUs has no (oindial stage, and reties (mtire'y on the rhizo- 
morphs, and the hasidi os pores produced in enormous numbers by the 
s|xirophore8, for its disseininJftum. Tx^o typ<‘s of rhizomorphs are 
formed, subcortical and free or superficial. The former replaces the felted 
mycelium between the bark and wood, when Ine tree is dead and the bark 
bc^comes loosened, and consists of flai ed whitish strands, which booonu 
colored when the separation of the bark exp(jses them to the air. They 
branch more profusely 4han the free rhizomorphs and some branches erfter 
the host tissue, especially through the medullary rays. The free or sub- 
terranean strands or rhizomorphs arc* rounded instead of flat and consist 
of a brown cortex of closely compacted fungous tissue enck»sing a central 
medulla of hyaline hypha‘ arranged in longitudinal rows. The relative 
amount of cortex and medulla is •variable, the fornaer becoming thicker 


8#3 
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with age. These rhiqpmorphs have an apical growing region by the 
activity of which they advance through the soil or over the surface of 
the host, and lateral branches may originate from the inner cortex and also 



Fig. 239. — Ithizomorpha of ArmUlaria meJIeu bc^tweon the bark and woo<l of larch stem. 

(AftiT Hilvy.) 



V'lG. 240. Group^of nearly niaiiin* .sporophoroM of ArmUlaria nulha , (Afh'r Negt’^r.) 


advance by an a))ical growth. At the apical region there is an external 
coating of loos(‘ hyplne einUaldc'd in gelatinous layer, but this disai)- 
pears on the older p/irts. 
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The sporophores aro produced in jjjroups or clusters (rarely single) 
growing either from rhizoinorph? or from cortical mycelial sheets, and 
generally ai)jK*ar around the trunk (iitlu* host close to the ground level, 
but in some cases may arise 0 feel oi more up a trunk as in the Scotch or 
Austrian pines. These sporophores are found mainl}’' during the few 
months of the year preceding the fiosts of winter (SoptLmbei, October, 
Noveinlx'r), but occasionally at oth#*r times tOclober to February in 
( ahfojnia); and are ephemcTMl structuroR lasting only until the spores 
have been disseminated. Kach sporophore consists of a atipcy 3 t(^ 10 
inches long, honey-yellow or brown, bearing tlie expanded pilems which 
IS honey-colorovl and sprinkled with dark-brovn scales, while ^the lower 
Mirfaee is occupied by the whitish gills which are somc^what decurrent 
>11 the stipe 'rii(‘ sporo|)hor< s arc‘ exce(‘dingly \anable in coh'r, sfze 



and markings d he stijK' is v^encrally dark brown or black at the base, 
b('C()ming lighter abovi‘, and marked by an annulu,s evident as a distinct 
membranous ring or reduced to a fe . delicate scales or even entirely 
absent. The ^tpM* may be '^mooth, m ily or roughly grooved below tfee 
annulus, and may sometimes be mort* or less expanded at the base, rather 
than uniformly cyhndncal pil(‘iis IS al first distinctly convex, 

especially in the center, but with itKc may become flat, or even concave 
with an upturned margin, and is exceedingly variable in diameter (2 
inches 1 o 1 foot ) . In t ypical forms t h» scales are nion' numerous towards 
the center of the pilous and then thin ov.i towards the pf'riphery, become 
less eviilent with age and undei certain conditions may be entircily absent 
The lamellae or gills, w’hich are w'hilish at first, Ix'come flcsh-colored or 
dingy with age. The hymenium consists of paraph 5 wp and an abun- 
dance of baifHha, each generally hearing four stengmat* (rarely two or 
three) with hyaline, elliptical or slightly remform hasidiospon^s, 6 by 9 m. 
These spores are forcibly detachec|,*and fall from betwwn the gills, when 
they may accumulate as white pfiwdor or lie borne ^way by air current 
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the period of spore fall probably lasting several days. In a similar form 
BuUer estimated that 40,000,000 sp jres fell from a single sporophore dur- 
ing each hour of the spore-fall period, which will serve to emphasize the 
fact that an enormous number of basidiospores are set free. 

Sporophores are produced very abundantly from old decaying roots 
and stumps and from li\ing hosts in the last stages of decline. Tempera- 
ture and moisture conditions and the degree of disintegration of the sub- 
stratum influence their development. In some cases the fungus may 
make only a vegetative development, producing mycelium and rhizo- 
inorphs without any fructifications. It is said that sporophores are rare 
in dense, dark, coniferous woods. 

According to present opinions the spores and rhizornorphsplay entirely 
distinct parts in the life of the root-rot fungus. It is the beliel that direct 
infection of living structures by hyphie formed by germination of spores in 
situ IS relatively rare. 

The sporeh are the common means by which the fungus attacks dead but unm- 
Iccted stumps A stump is employed as a base from which the fungus attacks 
living tr(*eb, so that spores are the medium by which it forms new from which 
the fungus proceeds on a career of penetration in limited tracts ot forest (Hiley, 
1919) 

The rhizomorphs spread in the soil from their original b^ses (on dead 
roots or stumps) to adjacent living hosts, enter their roots or crowns 
through the open doorway of mechanical injuries or dead tissues and in 
some cases penetrate healthy, unbroken ussue. It has also been pointed 
out that xylophagous insects a<fe important agents in the spread of the 
disease and the establishment of infections. New^ infections of hving 
hosts take place then laigely, if not entirely, through tissues in contact 
with the soil, and not through aerial structures. 

Pathological Anatomy.- The mycelial fans or felts may be develop)ed 
in the cambium, also in the outer phloem or in the inner cortex, and in 
such cases several layers of the mycelium may be founf!, one inside 
another. The fungus does not advance far above the crown of the tree, 
the height varying with the host and the Supply of moisture, from 2 to 5 
feet or even more From the cambial felts the hyphse grow outward into 
the phloem and inward into the wood, first following the medullary rayB 
and spreading from these into the adjacent tracheides or vessels, and pro- 
duce a white rot or disintegration of the wood. Early in the wood inva- 
sion black lines or layers appear. 

These layers start from the cambium and gradually spread inwards, remaining 
very thin all the vhile, so that in transverse section of the trunk they appear 
as lines forming the sides of triangles with the cambium as the base. They also 
spread upwards in the wood, forming cone-shaped surfaces, and a section through 
a somewhat higher par^f the trunk shows them as irregular circles (Hiley, 1919b 
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Black lines of this type are common in decaying wood, and White 
vl919) in his study of Fomee applanatus states ‘ithat cultural or other 
evidence shows that when they do occur more than one species of fungus 
is at work. They are produced at the point of contact of two invading 
fungi in the case of many pairs of wood-destroying fungi.'’ Hiley attrib- 
uted these black lines in mushroom root rot of the larch to the action of 
the single mycelium. According to this study, the hypha' branch and 
become much segmented, the cells become bladder-like, their walls swell 
and become tinted with a pale-brown pigment, and closely pack the 
cavities of the tracheides. Some of these cells collapse and their con- 
tents fill the interstices lietweeu the other bladders and stain the walls of 
the tracheides. Next the swollen hypha? bicome bleached a/id empty, 
their walls again become thin and finally they disapfienr” (Hiley, 1919). 
The black line occupies a width (tf one or more tracheides and moves for- 
ward with the advance of the fungus. 'J'ho writer cannot refrain from 
expressing the opinion that I hese inflated bladder-shaped bodies as figured 
by Hiley look like tyloses instead of l!ke modified fungous cells, and the 
brown contents like wound gum." Rack of the black lines the tracbe- 
ides ‘^are delignified from the outside towards the middle lamella, leaving 
a layer of cellulose, 'rhen the i-ellulose also is digested so that often 
whole walls disapjiear" (Hiley, 1019). 

Host Relations.- Mushroom root rot is of importance as a disease of 
forest or shade tribes, allacking both coniferous and broad-leaves species, 
li is stated that under iMiropean conditions it may attack any coniferous 
spe cies ihat are making a poor growth. It has been noted cspeciftlly on 
cedars, firs, hemlocks, larch, pine and redwood among the evprgreons, and 
on alder, beeeh, birch, walniit*^, aimoiid, cliestnut, locust, maple, mul- 
Ix'rry, oak, sycamore and yiojilar among tlie li’oad-leaved trees. On the 
basis of studies in Oregon 'hilds ami Zeller, ]929j two difTerent strains 
have been reecignized: one «n conifero, espi^cially Douglas fir, which is 
not parasitic on apple trees; and (’'c otliei originating from the native 
oak, Quercus^garf/dna^ wliich cause.*' virulent infect ions on orchard tipes 
but is not parasitic on conifers. 

In Amerija it k'? of most imp^>rtancc as a parasite of tree fruits; Apples, 
apricots, peaches, plums, prunes and cherrie>s all suffer. The i)ear is 
claimed to be the most resistant of the tree fruits, the French pi^ar being 
practically immune. Two other deciduous trees are reported as immune, 
the northern ( alifoniia black walnut cahfornica hindsn) and the 

fig (Ftna carica). Recent studies ('I'homas, 1929) have, shown^ no 
correlation between structural and morphological host differences and 
resistance. Resistance is believed to he a vital antagonistic reaction 
between host* and parasite ^'Of the three principal ni*)! stocks used for 
stone fruits, ohscTvat ions seem to indicate Uiat myrobalan is the most 
resistant, .surpassing either the pejioli or the almond root" (Hendrickson, 
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1925). Almonas, citrus fruits, olives and walnuts are seriously affected. 
Much injury has resulted to the grape in California and also in Europe. 
The bush fruits, especially in the Pacific Northwest, seem to be very 
susceptible, the greatest injury resulting to plantations of blackberries 
and raspberries. Horne (1915) has studied Armillaria in its relation to 
nursery stock, and believes that perfectly healthy nursery trees grown 
in Armillaria spots may become infected and thus carry the disease into 
the orchard, especially when ‘‘balled*’ trees, that is, trees with dirt, are 
transplanted. In the cut-over redwood lands of California the wild 
hazel is reported to be a favorite host of Armillaria (Essig, 1919). Many 
rhododendrons and azaleas in the city parks of Seattle were killed by 
shoestring root rot, probably Armillaria melha (Schmitz, 1920) and 
n\ore recently it has been reported as the cause of killing of flowering 
dogwood in the same city. It is also of interest to note that this fungus 
has been reported from Japan (Berkeley, 1922) as living in symbiosis 
with an orchid, Gasirodia alata, 

^ The potato, carrot, parsnip, rhubdrb, dahlias, cannas >and straw- 
berries may be mentioned as herbaceous hosts. Rhizomorphs may 
penetrate potato tubers and develop white, convoluted mycelial plates 
within the interior. One occurrence of this trouble in Washington was 
in the first crop on new land that had just been cleared of hazel bnish. 

Control. — The problem of prevention of root -rot injury is somewhat 
different for forest trees than for orchard crops. In Europe the recom- 
mendation is made that infested wood lots be cleared and devoted to the 
grov^th of some farm crop for a time, and that coniferous plantations, 
should not follow immediately on land from which broad-leaved trees 
have been cleared. In America the disease in fruit trees and other culti- 
vated hosts seems to be due largely to planting in cut-over land in which 
the fungus was already established either as a saprophyte or a parasite of 
the native trees or shrubs. Experience has shown that Armillaria will 
disappear from cleared land after a period devoted to some non-sus- 
oeptible farm crop, h(^nce in selecting sites for or<;hard^ newly cleared 
lands may be viewed with suspicion, and planted to a non-susceptible 
crop if Armillaria is known to be prese^jt. 

The disease frequently appears in established fruit plantations, and 
then the problem is one of either saving the affected trees or of preventing 
the spread to adjacent healthy trees, or making replanting safe. The 
practices to w'hich consideration should be given are as follows: (1) The 
removal und destruction of diseased trees or plants, including as much of 
the root system as possible as soon as the disease is discovered. This 
practice should be followed at least when the host is seen to be very 
seriously affected. (2) The removal and destruction t)f sporophores 
when in the button stage, so as to prevent the maturing and dissemination 
of basidiospores. Diseased or dead Urees or stumps shouH be watched 
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for the appearance of the charact eristic groups of fructifications. (3) 
Since the fungus is known to spread in the ground hy means of it« rhieo- 
morphs, the construfetion of barriers has been recommended to con- 
fine them and keep them from reaching other tree roots. The common 
barrier suggested is a trench 1 foot wide and 2 feet deep, with the dirt 
thrown towards the center, surrounding a single tree or groups of diseased 
trees, and so located as to be beyond the spread of the roots. Home has 
also suggested the use of a concrete wall as a barrier. If an adjacent 
stump appears to be the base from which the fungus originated, it should 
also be enclosed by the barrier. (4) The possible treatment of diseased 
trees when the disease is discovered in its earlier stages, with the idea of 
either saving the tree or prolonging its life. The treatment, of apple 
trees in Oregon has given some promise of success (Barss, 1913) and con- 
sists of removing the soil from around the crown for a foot or more so as to 
expose the large roots, to be followed by the cutting out of diseased bark 
or roots. The cut surfaces are then disinfected with creosote, or Bor- 
deaux paint, and protected with a waterproof wound dressing. If the 
trunk lesions are of great extent, bridge grafting may be needed to assist 
in the recovery. The exposed crowm and roots are to be left exposed to 
the air and sunlight during the summer, but the dirt should be thrown 
back before freezing weather. This surgical treatment, followed by the 
prolonged aeration of the crown, has been tried tor orange trees in Aus- 
tralia, bul gave poor results unless the trees were only slightly infected 
when the operrition was performed (5) Delay in resetting of root-rot 
spots or places from which individual diseased trees have been removed 
or replanting with a highly resistant variety. Three years is suppo^d 
to be the minimum period of rest unless the soil can be treated with 
chemicals to kill the rhizomorph'^ At present specific and reliable 
information concerning chemical treatment is not available. 
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IMPORTANT TROUBLES DUE TO PALISADE FUNGI 

1. Exobasidia<'e>e 

Rose bloom or the Biassachusehs false blossom of cranberry {Exohasidium orycxirn 
Rost.).- SiiKAU, C.|L. : CruiibeiTy diH<*a.4(‘a and tlieir contml. U. S. Dept. Agr. 
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Farmers* Bvl. 1081: 12-14. 1920. , Stevujns, N. E. and Bain, H. F.. 

Fungous diseases of the cultivated cranberry. U, S.mDepl. Aar Tech Bvl 258: 
11,41. 1031. • 

^ed leaf of cranberry {Exobasidium vaccinii (Fcl.) Wor.). — Shear, C. L.; Loc. eit. 
, Stevens, N. E. and Bain, H. F.: Loc^ cit. 268: 11, 41. 1931. 

Azalea gaUs (Exobasidium azaleai March.). — Eriksson, J. and Goodwin, W.: In 
Fungous Diseases of Plants, pp. 262-263. 1930. Charles C. Thomas, Spring- 

field, 111. 

/accinium gall (Exobasidium panrifolii Hot.). — Hotson, J. W.: A new species of 
Exobasidium. Phytopalh. 17 : 1927. 

2. Thrlephoracbjb 

Rbizoctonia disease of numerous hosts (Corficium valgum B. & C.).-^Dne of thf 
important causes of damping-off of seedlings; also of stem rot of herbac^ui 
hosts Peltier, G. L. : Parasitic Rhizoctonias in America. lU. Agr. Exp. Sta 
Bid. 189 : 2S3- 390. 1916. Reported lo be the eau.se of brown patch- of gol 

links. Godfrey, G. H : Experiments on control of brown patch with chloropho 
mercury Green Sect. U. S. Golf Assoc. Bui 6: 83 87. 1925. Montkith, J. 

The brown-patch diaea.se of turf; its neiure and control. BuL U. S. Golf Assoc. 
Green Sect. 6: 127 -'142. 1926. — and Dahl, A. S. : A comparison of Bom< 

strains of Rhizoctonia solani in culture. Jour. Aqr. Res. 36: 897-903. 1928 

Dickin.son, L. S.; The effect of air temperature* on the pathogenicity of Rhizoc 
ionia solani paraaitizing grasses on putting-green turf. Phytopatk. 20: 597-608 
1930, 

Silver leaf of fruit trees {^Stercum purpureum Pers ). Hkai.d, D.: In Manual o 
Plant Diseases, First Edilion, pp. 782-79'!. 1926 Brook, s, F. F. and Bbench 

LEY, G. H.: Silver-leaf disea.se VI. Jour. PnmoL and llort. Sci. 9; 1-29. 1931. 

Septobasidium canker of apple, pear and some forest trees (Septobasidium pedicel 
latum (Sehw.) Pat.). -- Wilson, G W.: Noi(*s on three limb diseases of apple 
Thelephorosp. N C. Agr. Exp. Sta. Rept. 26: 53 -.*>5. 1912. 

Smothering disease of coniferous seedlings (Thelephora lanniata Frie.s). — P 'reeman 
E. M.: The smothering fungus of seedlings. In Minnesota Plant Diseases, pp 
243-244. 1905. Manshaiu E.: Kraiikbeiten und Sehadlinge iiii Saatbeet de 

forstlich wichtig.sten llolzarten. Mitt. Ihuisch. Dervlrol. Ge.'iell. 1927: 198-22t 
1927. 

House fungus (Coniophora cei'eheUa A. ^ 8ch -Mez, Carl: Der llausschwamm, pp 
164-173. E. Lin&e, Diesden. 1908. Vaninb, S. I.; On the resistance* t 
house fungi of the wood of different species of trees. Morhi Plantarum 17 
68-81. 1928. Ahst. in Rev. App. Myc. 8 : 746. 1929. 

3. Clavariacbab 

Seedling diseases of wheat, barley, rye, * cabbage and other garden crop 
(Typhula spp.). — IIungbhford, C. W.: A serious disease of wheat caused b 
Scleroiium rhizoides in Idaho. Phytopath. 13: 363-364. 1923. Tasugi, 

On the snow-rot fungiA, Typhula graminum. Jour. Imp. Agr. Exp. Sta. 1 : 41—6! 

192 ^ : On the pathogenicity of Typhula graminum. Ibid, 1: 1^3- 19< 

1930. Esmarch. F.: Die Typhula-ftiule des Getreides Pflanze 7 

15^161. 7930. 

Yellow root rot of fir, spruce, pine and larch (Sparass^s radicata Weir). — W eir, J. R 
Sparassis radicaia. an undesoribed fungus on the roots of conifers. PhytoptUi., 
7: 16<V-177. 1917. 
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4 Hydnacb/T 

Uniform white Mpwood rot of niaplp and beech (Hydnum septentnonale Fries) — 
Baxter, D V The biology and pathology of some of the hard wood heart- 
rotting fungi Amer Jour Bof 12 * 522-552, 553 57G 1925 

Wet-heartwood rot of oaks (H ennaceus Ft ) and flr Hydnum (H alnetiaf) — Hubert 
E E /» Outline of hortst Pathology, pp 304-100 1911 

Texas root rot (Hydnum omniiorum Shear) Shear, C L Th( life history of the 
Texas root-rot fungus, Ozou^turn omnxvoiuw Shear Tour Aqr lies 30. 475-477 
1925 (Sfc also tin imperfect stage of this fungus p 701 ' 

Stringy red-brown heartwood rot of fir, sprue i and western hemlock due to the 
Indian paint fungus (EchtnodonHum Itnctonurn E & E ) —Weir, J R and 
Hubert, E E A stud> of heart rot in c^estcru heinloi k U S Dept Agr Bui 
722 P37 1918 Hubert, E 1 Loc , pp 300-319 1931 

Top rot of the swamp cedar (Stecchertnum hallomt Banker) — A new fungus of the 
swamp cedar Banker, H J Tarreif Bot Club B'ld 36 341-343 1909 

5 POI YPOHAC EA* 

The house fungus ( Merxdiu'i Int^yninns Sc hum ) — Mfz, Cari Der Hausschwamm, 
pp 30 -b5 H Lnu k« Dresden 190S \eger 1 W In Du Krankheiteii 
unscni VValdbiiuiiH pp 215-221 1919 Buhwud, N 1 De danskc Arte r 



1 ii 242 — Cn>sH-iie< tioii of the trunk of a Iimiir silver iimpk rotted hv homts* voniarnn 
( \fUr}4nx l^ekn nf and JS/Hiuldtrtg B B 1 Bal 14 § ) 

l 1 SUegten Menilius (H ul) fr ined eu saerlig Ointuh at Gruppe n (>oiiiophon 
1 r Oau'>k Bid Arch 6 I 47 1928* Hubert, £ £ Iak cU , pp 4713-484 

1931 
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Timber rot of various coniferous species {Porta iru^rwtEuw (B. A C.) Burt.) — H itm- 
PHREY, C J.: Decay of lumber and building tllnb^^s due to Poria incraasata 
(B. A C.) Burt. Mycologta 15: 258-277. 1923 Edgerton, C. W : “Dry rot” 

in buildings and building mat eiials Im Agt Ejiy Sta Hid. 190: 1-12. 1924. 

Humphrey, C. J and Miles, L E Dry r*)t in buildings and stored construction 
materials and how to combat it AUi Agr EjlI Sttr Cue 78:1-26. 1925. 

Common white wood rot of vanouh dcciduoU'> tri‘i‘h (f omet> ignuirz un 1 'riea) - -Sthre^ik, 
H VON AND Spaulding, P Disease*- ot deenliious tonst treses U. S Depi 
Agr., Bur. PI Ind Bid. 149: 25-37 PK)9 Si hmitz. II and Jackson, L W. 
B. * Heart rot of aspen. Unir Minn. Agr. Eip Bta Bui 60: 1-43. 1927. 



J-’m. 24.5 - Portion of trunk of inoufttniii ash with sporophores of Polgstirfu. hir^uiu^. 

White heartwood rot ot tin ubiti .isb {Fonu > jua mophiius Peek) Schhenk, H 
von: a disease of white asli eauHt'd bv PolmyoruN finnnophiius IJ. S Dept. 
Agr , Bur PI Irul. Bid. 32; I 20 

White butt rot of various deciduous trws {homen applanntui> Vries).— He ALD, V. D : 
A di8ea.se of the cottonwool due to Elfnnqia niegnlonia \eb. Mr Exp.^SUi. 
Ann. Kept. 19 : 92-uV) 1906. White, J. II.: On the biologv of FomsE applaiui- 

fuif (Pcib.) Wallr. Tram. Hoy. Canad Inal. 12: 133-174. 1920. Buller, A. 

H. R : In Rt'scarches on Vungi 2 : 121-148 1922 

Red heart rot of conifers {Fames lancis (Jacq ) Murr).— V aull, J. H. : Fomas offictn^ta 
(ViU.), a tiinber-destPoying fungUH Trath^^. Moy Canad. Inst. 11: 185-209. 
1916. Hoyi'E, j. S.: A study of Jisav in Douglas fir in the Pacific Northwest. 
U. S. Depi, Agr. Bui. 1188: 1--18. 1923. 
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Yellowish wood rot of the catalpa^ and common on the dead wood of various deciduous 
species (Polystictvs versicolor Fries). — Bagliss, J. S.: The biology of Polystictus 
versicolor. Jour, Econ. Biol, 3: 1~24. 1908. Stevenb, N. E.: Wood rots of 

the hardy catalpa. Phytopath. 2: 114-110. 1912. Campbsll, W. G.: The 

chemistry of the white rot of woods. L The effect on wood substance of Poly- 
sliclus versicolor (L.) JY. Biockem, Jour 24 : 1234-1243. 1930. 

Sap rot of various deciduous trees {Polysttcius pergamenus Fries). — Rhodes, A. S.: 
The biology of Polyporus pargamenus Ft. N. Y College of For. Tech. Pub. 
11:1-197. 1918. 



Fio. 244 — Portion of trunk of a young cherry tree invaded by Schizophyllum alneuni. 

The fungufl entered through the long stubs left in pruning. 

White rgt of mountain ash {Polinttclus htrsiUus Fries). — Pollock, J. B.: Polyshclm 
hirsutus as a wound parasite on mountain ash. Science, n s 31: 754 1910 

Whke rot of various fruit, nut and shade trees {Polyporus sguamosus (Hiids.) Fries) 

, Bullek, a. H. R. : The biology of Polyporus squamoaus Huds. a timber-destroying 
fungus. Jour. Econ. Biol 1: 101-138 1906. Dugoar, B. M.: White rot 

of deciduous trees. In Fungous Diseases of Plants, pp 453-457. 1909. 

Brown checked wood rot of various deciduous trees {Polyporus sulphureus Fries). — 
Duogar, B. M.: Decay, or brown rot of trtH*a. In P'ungous Diseastss of Plants, 
pp. 457-461. 1909. 

lted*browii root and butt rot of pine and varipus other conifers {Polyporus schwemUtii 
Fries).- -ScHBBNK, ^H. von: Some diseases of New England conifers. U. S. 
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Depl. Affr., Div. Veg. Path. A Phyx. Bui. 18-24. 1000. Hotbiit, E. B.: 

In Outline of Fowwt PatholoRy, pp. 3.55- 3(>3 1931» 

Brown rot of conifers (Trametes pint (Brot.) Fr.). — Known also as pecky wood rot, 
red rot, ring shake and peckiness. Habtio, R.: Wichtige Krankheiten der 
Waldb&ume, pp. 43-61. 1874. Hole, R. S.: Trarnetes pint Fries in India. 

The Ift^ian Forest Records 6 : 1-26. 1915. Hubert, E. E.: Lor. pp. 390-411. 

1931. 

Lenziteii dry rot of coniferous timber (Lenzites sepiaria (Wulf.) Pr.). — F ai/tk, R.: 
Die Lenzitesf&ule des Coniferenholzes pp XXXTI 234. Jena, 3909. 8paijli>- 
ING, P.; The timber rot caused by Lemites sepiaria. U S. Dept. Agr.., Bur. PI. 
Ind. BiU. S14: lHt6. 1911. Zeller, S. M.: Lemites sepiaria Fr. with special 

reference to enzyme activity. Ann. Mo. Bot. Qard. 3: 439-512. 1916. : 

Physical properties of wood in relation to decay induced by Lemites Bepiaria 
Ft. Ann. Mo. Bot. Oard. 4 : 93- 164. 1917. 

6 Agarxcace/b 

Root disease of sugar cane (Marasmius pltcalus Wakker). — Fulton, H. R.: The root 
disease of sugar cane. La. Agr. Exp. Sta Bui. 100: 1-21 1908. 

Surinam witches’ >broom disease of cacao (Marasmtun petniciosus Htahel). — Stahel, 
G.: Marasmius perviciosus Nov. spec the cause of Krulloten-diseaae of cacao in 
Surinam. Dept. Landbouw in Hunname Bui. 33: 1-25. 1915. Stbll, F.: 

Witch-broom disease of cacao and its control. Bal. Dept. Agr. Trinidad and 
Tobago 1928. 

Scaly cap rot (^Lentinus lepideus Fr,).— W aorner. W W • Lentinus lepideus Fr. a 
cause of heart rot of living trees Phyiopath 19: 705 712. 1929. 

Schizophyllum rot of various shade, nut and fruil trees ^md also sugar cane (Schizo^ 
phyllum alneum (Ij.) Schr ). — Bitli.er, A H R llescarches on Fungi 1: 113- 
119. Longmans, Green & Co 1909 Ehsig, F. M • The morphology, develop- 
ment and econonuc aspects of xSchizophyUiim commune Fries. Univ. Oal. PvJbl. 
Bot. 7: 447 498. 1922. PirrTERiLi., M. A • Th«' biology of Bchizophylium 

commune Fries with special reference to its parasitism S Africa Dept. Agr. Set. 
Bui 26: 1-35. 1922. Montemartini, 1* : Vn case di parassitismo dello 

Schizophyllum commune. Btv. Patol. Veg. 18: 95-96. 1928, 

White -streaked sapwood rot oi iiiaples and various other deciduous trees due to the 
oyster fungus {Pleuroius ostreatus Jacqii.).— Learn, C. D.: Studies on Pleurotut 
ostreatwi Jacqu. and Pleurotus idmarius Bui. Ann. Myr. 10 : 542^666. 1912 

Bdller, a. II. R.: Researches on lungi 3: 474-489.^ Longmans, Green tk Co 
1924 Bttf.i., B E.: New media foi developing sporophorea of wood-rot fUngi, 
Mycologia 21 : 197 -203. 1 929. 

Mushroom root rot (Armillaria mej^ (Vahl) Sacc.). — (See special treatment, p. 841.) 
Brown-mottled rot (Pholiota adiposa Fr.). — Hubert, E. E In Outline of Forest 
Pathology, pp. 428 432 •19c31. John Wiley A Sons, Inc , New York. 
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PARASITIC SEED PLANTS AND THE TROUBLES THEY 

CAUSE 

PARASITIC SEED PLANTS 

Many flowering or seed-bearing plants are parasites or half parasites. 
The latter have a chlorophyll apparatus, while the former have none. 
These parasitic sc^ed plants cause more or less disturbance in the life of 
the hosts which the}" parasitize and, when crop plants are concerned, 
may cause serious injury. Before considering the groups of parasitic 
seed plants the tyj)es of nutrition of seed plants in general wdl be briefly 
(»ut lined, the robber class constituting one of the five types. 

Tjrpes of Nutrition of Seed Plants. — From the standpoini of their 
nutntion, seed plants show a considerable diversity. They may be 
■grouped as follows: 

1. The fartonj oirnets, the majority of green plants, which by moans of 
their chlorophyll apparatus are the producers of the world’vS fiaxl supply 
(holophytes). 

2. The projit .s/jo/c/n, those which have a mutualistic relation with 
some other organisms, either bacteria or fungi (symbionts) 

F The iroppersy plants with ingenious devices for capturing insects 
which they digest (insectivorous plants). 

4. The srarengersy chlorophyll-less plants, which have become par- 
tially or completely saprophytic in their mode of life (saprophytes). 

5. The rohberfif those which steal a part or all of their food from other 
plants, their hosts, and are therefore either semiparasitic (^r completely 
jiarasitic (parasites). 

Groups of Parasitic Seed Plants. - Of the total number of seed plants, 
only a few have degenerated to the robber class, and of these only a few 
are of importance Ix'cause of their injurious relations to plants of economic 
importance. They exhibit, however, many interesting parasitic relation- 
shii)s. These parasites are to be found in a small number of families or 
subfamilies, some of which show little morphological relationship, but 
frequently marked physiological similarities. The* following groups may 
\yt recognized : ' 

1. llerbaceou* plants liearmg green foliage leaves, and rooted in the 
Soil, but provided with haustorial disks, which are attached to the roots 
or crowns of their hosts. This ty|x^ oY parasitism is to be found in 100 
or so species of Bantalfeceac, represented by the true sandalwood (Sardalum 
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allrum) of India, bastard toadflax (Thesium aljnnum) of Europe and 
Commandra app. attackinj^ various woody and herbaceous hosts; also in^ 
many Rhinanthacea^, some of the better known species being the eyebright 
{Euphrasia app.), the yellow rattle (Rhinanthiifi app.), cow wheal {MeUvmr 
pyrvm) and lousewort [Pedirularis spp.). Most of these parasitCvS 
cause little if any appreciable injury" to the host plants wath which they 
are associated. 

2. Underground plants, with perennial stems, bearing leaves devoid 
of chlorophyll and with hauslorial disks attached to Ihe roots trees 
and shrubs in the same manner as in ihe first group. Kach year aerial 
flower-bearing shoots arc formed which die <h)wn with the rip(*ning of the 
seed. The toothwort (Laihrtra sqfiamaria)^ the l)est know’ll representa- 
tive, in addition to obtaining part of its food supply from its host, has 
unique leaf traps by which it captures minute earth-inhabiting animal 
organisms and utilizes them as food. These species also belong to the 
Rhinanthace;r. 

3. Foliag('-bearing, chlord^ih y 11-con 1 tuning, bushy, perennial plants^ 
growing upon the aerial portions of vtirious trees. 1'he seeds germinate 
on the branches of the host and soon establish a nutritive relation by the 
penetration of haustoria Some Siintalacea' of the l\ast Indian Archi- 
jielagd belong to this group, but th(‘ best-know’n forms belong to the 
Loranthacejc. The most important representatives are the giant 
mistletoes {Loranthu.^ ^PP^)y niamly tro|)ical parasites, but including 
L. euro'^ivus on (»aks and cliestnuiN ]n the east and south of^Fairope; 
the Kuropean mistletot^ iViscum album), the Arncnenn mi^-lletoes {Fhora- 
(iemiron ) , and the dwairf or scaly rmstleto<‘s [Razoumofskya app.). 
The last an‘ es]K^cially injurious to coniferous trees in the northwestern 
United States (Fig. 252) Then' are di.stinct six'cies which parasitize 
the western larch, lodgepole piiM', western yellow pine and Douglas fir. 

They may kill young trvoh or trc«*s may lie retarded m growth of both 
height and tliameter. S(*vere infestiiiions mu}^ also cause the death of*uppe^ 
branches, producing staghead or spik(‘ top, while hirg(‘ hurls, or witches’ hrooins, 
may he formed Avhich interfere ^v'itii the life proeesses of the tree (Weir, 1916). 

4. Twining plants with filiform stems devoid of green leaves and 
without chlorophyll, but with a few rudimentary scale leaves still persist- 
ing. The plant retains no connection with the soil but twines around its 
host from whicli it absorbs its crude and elaborated food by niean>s of root- 
like sucking organs or haustoria. The group is represented bj^ two 
entiriily unrelated genera: Uassytha. with mostly tropical sijecics (family 
Lauraceae).of the eastern and western hemisphere, ^ith a single species 

jilifunnia) in the rosemary scrub of Florida; and Cuscuta (family 
Cusculucea'), with nuinei-oUS sptcies in various countnes. These dodders 
or love vines are of outstaiuling importance bc'^aufie of their disastroua 
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effects upon various cultivated plants, especially clovers and alfalfa 
(see special treatment), 

5. Plants destitute of chlorophyll, and with seeds that germinate in 
the soil where a filiform plant body is formed which grows into the ground 
and soon penetrates crown or root of its host. Its tissues are merged with 
those of its host to form a more or less tuberous enlargement, from which 
aerial flowering stems arise at some later time. These flowering shoots 
may be almost naked, clothed with a few scattered rudimentary leaves, 
or covered with conspicuous, closel}^ imbricated scale-like leaves. The 
most important representatives of this group belong to the broom rapes 
(Orobanchaceae) and the Balanophoraceac. 

The broom rapes include 130 or more Kpecies, mostly from north 
tempierate regions with a few from the tropics and the southern hemi- 
sphere. Several species of broom rapes are of economic importance. 
Hie best known are the branched broom rape {Phehpee ramosa), parasitic 
on the roots of tobacco, hemp, etc., and Orobanche minor on clov’^ers and 
some other hosts. The broom rapes are wfore serious in Europe than in 
America. In its maximum development, the clover broom rape (Kleeteu- 
fel) may be so abundant as entirely to destroy the second cutting. Some 
of the species are small, but several natives of North Africa reach a height 
of 50 centimeters and produce stems as thick as one^s arm. 

The Balanophoraceie are found mainly in an equatorial belt encir- 
cling the world, and inhabit primeval forests, where they are parasitic 
on the roots of woody plants which run below a covering of vegetable 
mold. 

6. The representatives of this group show the most extreme merging of 
the plant body of the parasite with the tissues of the host. The young 
plant penetrates the cortex of the host and finally forms a more or less 
definite hollow cylinder, which is intercalated belween the wood and the 
cortex. The stem or root attacked shows little or no enlargement at 
the place where the parasite is located, and the infection is finst evident 
when the flowers burst through the cortex. These forms belong to the 
single family RafHesiaceff, which has representatives in the tropical and 
subtropical regions of Asia, and adjacent islands, tropical America and 
subtropical South America, and a single species, Cytinus hypocistusy in 
Mediterranean Europe. The genus Rafflesia is noteworthy as including 
a species R, arnoldii, which produces flowers 1 meter in diameter, claimed 
by some authorities to b^ the largest flowers in the world. This wonder- 
ful flower is ^ native of Sumatra and is sessile upon, roots of vines. The 
open flower displays five immense fleshy lobes around a central Jbowl- 
like portion within which the stamens and styles are inserted. The 
central bowl and Its surrounding fleshy ring or corona are’ blood red, 
while the lobes are nearly the coldr of the human skin, and the flower 
emits a putrescent, cadaverous smell. Another species of nearly equal 
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size, R, schadenbergiif is found in Mindann.u, ui the Philippine group. A 
single flower may weigh about 22 pounds. 
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, DODDER LOVE VINE 

Qiifycuta ,s7>p. 

The dodders or love vines are non-chloropliyll-bearing, leafless, twin- 
ing, jiarasitic seed plants wliich attach tlusr yellow, orange or pink, 
thread-like stems to the sltMii*:! or other parts of various cultivated or wild 
plants, sometimes on single isolated iio>ts, but frequently as conspicuous 
tangles of intertwining stems. Various other common iiameg more or less 
descriptive of these fiarasiles are in u.se in various localities, some of the 
inorelmportant ones being '‘strangle weed,” '‘gold thread/* ‘'hair weed,** 
'‘pulKdown/’ "hail weed,** "dovibs hair,’^ "devil’i^ ringlet/* "devil's 
guts” and "hcll-bind.” Dodders are of much importance as pests of 
clovers, alfalfa and flax, but are*of minor concern as parasites of various 
other cultivated plan; s. 
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American Dodders. — These parasites all belong to the ge&us Cuscuta 
‘ of the CuBCutace® or dddder family, which was formerly oonsidered a 
tribe or subfamily of the Convolvulace® or morning glory family. We 
still consider the dodders as very close relatives of the morning glories, 
although they have undergone marked physiological and morphological 
changes as a result of their parasitic mode of life. The first American 
monograph of the genus was published by IjUgelmann in 1842, and this 
was elaborated in a later publication (1859). In the recent “Revision of 
the North American and West Indian Species of Cuscuta,'^ by Yuncker 
(1921), 54 species and 42 varieties are described. The most important of 
the species from their relation to our cultivated crops are as follows: 

1 Cl(n)er^ Dodder (CuHcuta ep'fihymum Musrr.). — This species attacks 
various species of clover, alfalfa and some other legumes. It is an intro- 
duced species, occurring throughout North America, but does little 
damage after the first season, as it rarely produces seed in the United 
States. 

2f SmalUseeded Alfalfa Dodder (C. plamflora Ten.). — This is another 
emigrant from Europe, which is found on alfalfa and some other legumes, 
mainly in the western states from Colorado, Wyoming and Washington 
[jputh to New Mexico, 

3. Large-seeded Alfalfa Dodder (C. tndecora C'hoisy). — This native 
species shows a preference for leguminous crops, especially alfalfa, and is 
common from Colorado westward. It is less common in the South and 
has beep sparingly introduced into eastern states. Yuncker recognizes 
five varieties (1921). 

4. Chilean Dodder (C. racemosa chileana Engelm.). — This South 
American species has been sparingly introduced and attacks both clover 
and alfalfa. It has been reported from widely separated stations from 
Maryland to California. It is commOn in red-clover and alfalfa seed 
imported from South America. 

5. Flax Dodder (C. epilinum Weihe). — This European species attacks 
k flax tind sometimes other hosts but never clovers or alfalfa. • It is limited 

largely to the flax-producing sections of this and foreign countries. None 
of the other species of economic importance attack flax. 

6. Field Dodder (C. pentagona Engelm. —C. arvensis Bey.).— This 
native species is widely distributed throughout North America, but is 
most common and serious east of the Mississippi River. It infests many 
species of herbaceous plants, but shows little preference for any special 
hosts, cultivated or wild. It is not uncommon on clpvers and alfalfa, and 
has caused serious injury to the sugar beet. Yuncker recognizQs four 
varieties (1921). 

7. Common ifodder (C, gronovii Willd.). — This is another native 
species with little preference as to th^ plants which it attacks. It is 
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reportea as infesting garden ornamentals and even hedge plants or 
willows. 

The various species of dodder are so veiy siinilar in appearance that 
no attempt will be made to offer diagnostic characters even for the eco- 
nomic 8{)eciea, but the student is referred to taxonomic manuals or to 
Yuncker’s monograph for detailed descriptions. It may be noted that 



Tiu *245 — Do«<dvr on alfalfa. 


alfalfa and clover are the principal crop plants whicn suffer from dodder 
attacks, certain species showing a decided preference for these h6sts. 
Grass pr cereal hosts are never seriously affected, but may be parasitized 
by the less specialized species when growing in mixed cultures of pre- 
ferred hosts. 

The Parasite. —The various species of flodder are so similar that a 
single description of their genered characters will suffice. When dodder 




$64 


MANUAL OF PLANT DISEASES 


first becomes evident in a field it will be noted as a tangle of branched, 
thread-hke, leafless stem6, devoid of chlorophyll or green pigment, twining 
around the stems or other parts of its host, or forming an interlacmg mat 
The common color is yellowish or orange, but the stems of certain species 



Fig 246— Diaficrammatic* nspresentation of the complete life tytle of dodder from the 
Heed (a) to the m ituriuR of a new crop of seed ( Afttr Jlan^n I iS Dejjt Agr , Farmers 
Bui list ) r 


are fiequentl> tinged with rod or purple, or may in other cases be almost 
white While true leaves are absent, they are lepiesented by minute 
functionless scales, which are evident on close examination Whenever 
the twining stems come info contact with the host, minute root-hke 
oigans, the haustoiia, penetrate into the host cortex and serve for the 
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abeorption of both crude materials and elaborated food. The esUvblishod 
dodder pl9.nt has no connection VFith the soil btft derives its entire suppl) 
of nourishment directly from its host. 

The tiny, white, pink or yellowish flowers occur in clusters, appearing; 
from early June until the end of the growing season. The flowem are 
mostly gamosepalous, and pentamerous; the stamens inserted in the 
throat of the gamopetalous corolla, alternating with the lobes; a fringed or 
fimbriate structure usually present below each stamen; ovary two- 
loculate, each cell with two ovules; the two styles distinct or unit^^d and 
with capitate or linear stigmas; fruit a capsule, producing tiny gray or 
reddish-brown, slightly roughened seeds. The seeds ripen from July 



]"ia. 247. — Hauatorium of Cuscuxa epitinum. E, epideroiis; R. cortex; H, wood of flax 
Btem; c, r and ff are tiasueu of Cuscuta. Somidiagiammatic. (After Sachs.) 

until frost and under favorable conditions are produced in great abun- 
dance. A single *plant has been reported to produce as many as 5000 
seeds. 

Under favorable conditions of moisture and temperature the seeds of 
dodder germinate like any other seed and proiiuce young seedling dodder 
plants It has been noted that the seeds of alfalfa or clover dodders 
generally ger ninate in i he spring a feu \eeks later than the seeds of their 
hosts. A young seedling i.s a slend(‘r, yellowish, unbranched thread, 
generally larger at the lower end, which inn}" remain for a time elthfer in 
contagt with the soil or slightly embedded in it. The distal end is raised 
into a mure or less vertical position and the growing tij) describes a circle 
in its search for a support When a support is reached, whether it is a 
congenial host or not, the young stem begins to twine around it, the same 
as a morning glory around its svlpport. If the su^>porting structure is a 
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susceptible host, the young stem soon forms haustoria, which penetrate 
the host tissue, and infection is accomplished. From now on the young 
seedling has an abundance of availabte food and the young ^m below 
the first stem coil and haustoria shrivels and dries up, and all contact 
with the soil ceases. If a young seedling does not establish nutritive 
relations with a host it perishes as soon as it has used up the food supply 
that was stored up in the seed. Seedlings of alfalfa dodder have been 
found to retain their vitality for 6 to 9 weeks without establishing a host 
connection. The established parasite continues to climb upward, and 
‘'waxes fat*' at the expense of its host, while the stem which was simple 
at first develops branches and the twisting or circumnutating tips reach 
out and twjne around adjacent host parts. Iif this way an increasing 
zone of infection results. 

The origin and development of the haustoria may be briefly noted. 
They appear on the concave side of the stem coils as a restdt of the contact 
stimulus. 

A sucker-like* organ first arises from the epidermis of the mother stem and 
adheres firmly to the host plant; its formation is then followed by the ingrowth 
of the tme haustorium, which has originated endogenously, mainly from the 
« cortical region just outside the pericycle, and seems very properly to represent 
an adventitious root The cells of the sucker, or ^^prehaustorium/^ dissolve their 
way into the host plant, partly by pressure, partly by the excretion of a torment, 
and into the space thus made the haustonuu^ U*ow8, enlarging th? opening and 
becomini? surrounded by a mass of compacted dead cells (Thoday, 1911). 

The superficial cells of the developing haustonum become greatly 
elongated to produce a bundle of hypha/-like cells, which advance inward. 
Omitting some of the details of development that are unessential for 
understanding the relation of the parasite and host, it may be noted that 
some of the central cells push on through the vascular cylinder into the 
pith, while the elements immediately around the central core become 
applied to the xylem elements of the host. The inner peripheral cells of 
the haustorial brush penetrate to the functional and developing sieve 
tubes of the phloem and spreading outward come into intimate contact 
with sieve tubes of the* host. The haustorial cells coming into contact 
with the host xylem elements organize strands of tracheids which make a 
continuous connection with the xylem elements in the main stem of the 
parasite, while those in contact with the sieve elements of the host 
organize strands of sieve t ubes which form a continuous cylinder connect- 
ing with the phloem elements of the main stem. An effective parasitic 
relation is thus established with both phloem and xylem of host and 
parasite in phyiAological continuity, thus affording a p^^hway along 
which both crude and elab 9 rated food may be transported from the host 
stem into the stem of the parasite. 
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Effect of Dodder. — In a crop like clover or alfalfa the dodder usually 
appears in circular spots, the size depending upon the age of the infeq|ia« 
tions, those of a single season’s growth varying from 3 to 6 feet in diameter: 

Usually, they increase in size from year to year, ultimately reaching a diam- 
eter of 30 feet or more. In some spots the dodder dies out ahd may be said to 
have become extinct. Hy the coalescence of two or more spots, large bare 
areas of irregular shape are formed On the interior of the spots there remain a 
few scattered alfalfa plants which, somehow, escaped destruction by the dodder, 
but the ground is occupied chiefly b}'- w^^eds (Stewart, 1908). 

In old-established infections, the dodder is not much in evidence in 
the early spring, but later it develops the characteristic tapgled masses 
of the yellow dodder stems on the host plants aniund the margin of the 
spots. The amount of flamage in alfalfa or cloirer fields will vary with 
the species of dodder, the host conditions and the amount of seed of the 
parasite that was introduced into the field, f^'ases are on record in which 
entire fields have been mined during the hist year, but generally the 
injury is less severe 'Fhe maximum injury m most cases results during 
the second or third years after seeding Dodder-infested fields may have 
the hay crop lowered in (juantity and quality, but dodder is of m<ist con- 
cern in seed-])roducing regions. Althougli dodder is a noxious parasite* 

it IS not to be feared ri the I luted States m the same degree that it is dreaded 
in JCiirope I n parts of Kurope, esj)ecia!ly i Jermany, the production of clover seed 
has (•(‘ii'-ed lx cause of the ravages oi (ioddf'i The conditions in this country do 
not sc-enuto be as favorable as in Lurope tor the development of dodder, hence 
the discovery of dodder on tlie tarm 4)oul(l not be the occasion for serious alarm, 
but rather for the ernplovmont o( a w<‘ll-coii(*eive(i and systematic plan hr its 
extermination (Hansen, 101‘J) 

Etiological Relation, uodder overwinters by means of seed which 
falls to the ground and remains dormant until spring, or in the case of 
certain species on pHuenmals, by i ^aus of portions of ila stems which 
are resistant to )^mtcr tempcTatiires While many botanical writings 
have classed the dodders as onmrils, it has U^en shown liy Stewart and 
others (1909) that certain spec¥\s ~C. cpdhyw)im on alfalfa, for example — 
are perennial and that the continuation of infcbtarions is more often due 
to the resumption of growth by overwmterea steim^ than to the germina- 
tion of new seed In fa<d, in the ITi i States this species produces seed 
only rarely. 

Attention may b^ directed to the habit of growth whicli make^ the 
extermination of dodder in a crop like alfalfa difficult. If dodder were 
rooted in the soil like an ordinary weed the problem would be much 
simplified, btit it is really rooted by means of its haujftoria at numerous 
I^Kiinis, wliere its stems coil aruutv^i the host q.iarts. 'fhe various portions 
of the panisiti me thereh^re independent, „nd eviin minute pieces of its 
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stem can continue growtu when connection with the parent plant is 
severed, provided them is a haustorial contact with the host Even 
close cutting of alfalfa leaves sufficient crown infections to continue the 
growth of the parasite on later crops It has also been shown that 
separated fragments of dodder stems a few inches long may, under moist 
conditions, establish new haustonal connections if left in contact with 
susceptible hosts 



T lo 248 — Seed of dodder compared with alfalfa seed A clover dodder {Cuscuta 
i ptthyviiini) B am ill ecetied alfalfa dodder (P plamfiora) C field dodder (C arvtn&is) 
I) larftt ded ilf ilfa doddei (( mdccora) (ifter Hillman U S Dept Agr Farmert> 
But* 306) 

Dodder may be introduced into a field, oi A\hen once introduced it 
lud) be disseminated by an> one ot the followinfj methods (1) as iinpunt v 
m the seed, (2) by urination water, (d; b> hay from infested fields, (4) 
by manure (ontaining the seeds, oi (5) by f urn opeiations and the rnene- 
ment of live stock from one fi( Id to anothei The presence of dodder in 
conjinereiai seed of cloveis oi df ilia is due to the presence of dodder in 
seed-pioducinj^ sections, and not oidinanly lo the adulteration of the seed, 
althoufJih scretmngs from low-j^iade seed may sometimes be mix6d with 
other seed bv ufisci upulous dealeis The size of dodder seed is such 
that it Ks not removed in Uie tlueshmg operation, and so is left m the 
commercial seed unless some b{K(Uil m<^dhod of sejiaratiou lias bc^n piac- 
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tioed. It has been noted that half-ripe dodder seed will germinate as ^ 
readily as fully matured seed, and that dodder which has not yet formed 
seed at time of cutting may still obtain sufficient food to ripen its seeds. 
While dodder-containing seed is the principal source of the first introduc- 
tion of the parasite into a field, its further dissemination may be brohght 
about by some of the other agencies. 

Control and Eradication. — The dodder pest can be handled by follow- 
ing practices to prevent its introduction and, if present, to guard against 
further dissemination; or established infections m&y be eradicated. The 
important preventive measures are as follows: (1) the avoidance of dod- 
der-infested seed; (2) the avoidance of dodder-infested hay; (3) the exclu- 
sion of grazing animals from dodder-infested fields, or at least preventing 
their movement from infested fields to clean fields; (4) the eradication 
of dodder from localities may contaminate irrigation water and thus 
carry the seed from place to place; and (5) the avoidance of dodder- 
containing manure uiiless this has been composted for 6 or more weeks. 

It is of first importance to avoid the purchase of dodder-infested seed. 
Many states require commercial seed of clovers or alfalfa t(t be labeled as 
to purity or dodder content, while the Federal law excludes the importa- 
tion from foreign countries of commercial seed containing one or mor^ 
dodder seeds per 5 grams of seed. These measures have improved the 
quality of seed upon the market, but still great care should be exercised 
in selecting seed to be sure that it is free from dodder. 

Doddpr seeds range in size in the different species from those Slightly 
smaller than the seed of white clover to those hs large as or larger than 
alfalfa seed. 

In general, these seeds are urually dull coated, with roughened, or minutely piUed 
surfaces, and each seed lias three fiat surfaces, while the seeds of clovers are usu- 
ally smooth, rounded and possess a certain luster. Furthermore, the scar on 
dodder seeds is very inconspicuous, wi • reas the scar on leguminous seeds is 
clearly eviden^. Dodder seeds range i^ color from dark brown to green or 
yellow (Hansen, 1921). 

The grower who has not acquired the ability to recognize dodder seed 
should have his seed tested by either a Federal or a State seed laboratorry. 

The removal of dodder seed from large lots of seed can be done most 
economically and effectively by seed companies having special cleaning 
machinery. A high per cent of the dodder seeds can be removed from 
clover or alfalfa by power-driven or hand graders, with the^use of -the 
proper screens. Recently excellent results have been obtained with 
the Dosser machine, in which the velvet linings remove many small 
dodder seed that cannot be screened out. Still more recently, an electro- 
magnetic process of separation has been devised. The seed is mixed 
with a powder which is sensitive«to a magnet and^more adheres to the 
rough dodder seeds tha^ to the smooth legume seeds. When passed 
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under a magnet the heavily coated seeds are withdrawn, and these include 
not only the dodder, but some weed vseeds and fragments of legume seeds. 
After the separation the legume seed is passed through a polisher to 
renjove any adhering powder (Foy, 1924) 

D6dder seed may bo separated from clover or alfalfa on the farm 
by hand sieves Stewart (1909) recommends a foot-square franie 4 
inches deep, with a screen made of 20 by 20 mesh, using either No 34 
Washburn and Moen gage, steel oi iron wire, or No 33 braSvS or copper 
wire on the Old Engksh gage One -fourth to one-half pound of seed is 

to be shaken vigorously^ in the screen for ^^2 niiniite. Robbins and 
Egginton (1918) recommend a 20 by 22 mesl\ brass screen, using 32 or 
34 gage. Hansen (1921) says *^Hesi results liave been obtained by the 
use of a sieve made of wire having 20 meshes to the inch and of No 30 
to 34 thickness’^ 'ihe laige-seeded alfalfa dodder cannot be removed 
by these screens, hence scod infested with this species ‘should be discaided 
The success of eradication niea<'Uies and (he plan to b(^ followed will 
depend upon the extent of the inteclion, that is, whether only small 
isolated areas are present ot whether general mfoMation prevaiK, and also 
upon the seed formation b\ the pa»asi(e In eilhei ease eradication 
measures should tie initialed, if jio^-sihle, before serd is formed The 
methods of treatment aie as follows (1) Small M'aftered patches l)efore 
seeding Mow and alhn\ the pi nils lo dry, or sprinkle with frude oil or 
kerosene ai d burn, 01 feed the nil plants for hay (2) Small scattered 
patches, after seedinp Buinmg b> one of the following mcUiods is 
recommended- (n) Mow close, beginning at the outei margin of the spot 
and work towards the center Allow the plants to dry, then burn {b) 
Sprinkle with kerosene 01 eiiide oil and aftei a few days ignite (c) 
Clover infested area with sli iw and burn Hum the infested plants 

with a blow torch (3) (ienerR inlestations bcdoie seeding In this 
case the crop may be mowtal early, at lea.st before any of the flowers of 
the dodder open Close giazing by sheep or hogs or plowing the crop 
under for green m.anure may be a substitute treatment (4) Geneial 
infestations after seeding In cases of severe infestation with doddci, 
cut close to the ground, and alhiw the plants to dry, or wspnnkle with crude 
oil or kerosene and burn in the field 1 allow for the remainder of the 
seiison or plant a winter crop, and then follow with a 5-year rotation, 
beginning wnth a non-leguminou.^, tilled crop At the end of 5 years, 
if non-8Uscep!.ible crops have been used, it will bo safe to seed to clover or 
alfalfa again To avoid loss of the hay crop, it may be cut and fed to 
live stock without removing from the field, and during following years 
the crop should be <?iit liefore the doddei blossoms, or close grazing prac- 
Mced until the dodder is under control 

Tf general field or garden crops are at tucked by doddei and the infesta- 
tion is severe, the practical solution is to grow either resistant or immune 
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varietiw until the dodder disappears. It should be noted that new l a^d a 
on which dodder has been prevalent may hav? their first crop infested 
with this parasite. This is not a common occurrence, but it should be 
recognized as a oossibilitv. 
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THB AMERICAN MISTLETOES 

Phoradendron spp. 

These leafy, green parasites of forest and shade trees are a familiar 
sight from New Jersey, southern Illinois and Oregon southward, while 
beyond their natural range, they are frequently fotW upon the market 
during the Christmas season, and in many homes constitute a part of the 
holiday decorations. In some sections of the country certain species 
are very prominent because of their serious injury to forest and shade 
trees. 

History sad Geographic Distribution.— The common mistletoe of Europe is Vtscum 
albunif and it was at first supposed that the common mistletoe of the Atlantic Goast 
(P. flaveaoeTitt) was identical with the European species. Although the American leafy 
mistletoes were at first generally referred to Viscuin, they were early recognized as 
showing marked differences, but were not separated until the pioneer botanist, Nuttall, 
m 1847 placed them in a new genus to which he gave the name of Phoraden(|fon, mean- 
ing tree thief^ The genus is strictly Amencan, tha various species ranging from 
Oregon, southern Colorado, the mouth of the Ohio River and southern New Jersey 
southward hi to Mexico, Central America, the West Indies and in South Americp to the 
mouth of the La Plata, while two species are found m the Galapagos Islands of the 
Pacific and one in the Pacific island of Guadalupe. A late monographic revision of 
the genus by Treleasc (1916) recognizes 277 differentiable forms, of which 240 ar^ 
regarded as species. The genus is divided into two groups distributed as follows: 



United 

States 

Mexico 

Central 

America 

West 

Indies 

South 

America 

Total 

1 

boreales 

1 

28 

48 

2 

0 

0 

78 

dSquatoriales 

0 

29 

20 

38 

134 

221 


Of the species occurring in the United States a relatively small number have a 
wide distribution. P. flavescem Nutt., which has been called the American mistletoe, 
‘'occurs from southern New Jersey to the lower Wabash, Oklahoma and eastern Texas, 
reaching southeast to the gulf and ocean” (Treleasc, 1916) and parasitizes a great 
variety pf Angioa^erms. P. tnUosutn Nutt., the Pacific Goast on Galifornia mistletoe, 
is found from Oregon south through California and lower California, usually on oaks 
hut also on numerous other genera of Angiosperms. P. ecdifornioiim Nutt., the 
legume, red-berried mistletoe, is foimd m California, Utah, Arizona and lower Gali- 
fornia,* chiefly on T/eguminossp, but never on Coniferse. In the southern area between 
the ranges those species P. engdmanni Trel. is the important species of central and 
western Texas, while P. macrojdvfflum Cock, is common in Arizona and to less extent 
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in adjafCent M#xi<x). While the genus is prominent as furnishing parasites of Angio- 
sperms, seve^ speoies paradtue coniferous hosts, notably P. juniperinum Engelm. 
on Ji^perus in southern Colorado, Arisona, New Mexico, western Texas and adjacent 
Mexico. The mistletoe has attracted the most attention as a pest in Texas and other 
portions of the Southwest (York, 1909). It has been noted that in the transition sone 
from the humid climate of the Gulf states to the arid climate of the Southwest, in 
which conditions are unfavorable for the best tree growth, mistletoe flourishes, and is 
more varied in form and relatively more abundant than in the more humid areas. In 
explanation of this behavior it has been suggested that “mistletoe, like a good many 
other plants of arid situations, requires much sunlight for its best growth, and espe- 
cially for the development of flowers, and thereby of numerous and vigorous seeds, and 
is at a disadvantage in competing with the heavy shade-castmg foliage of forests in 
humid ch'mates. The necessity for light might explain why in bottom-land forests of 
the East mistletoe is confined to the highest branches of the talle^it trees, ^and how, with 
increasing intensity of sunlight and the more meager foliage and open stand of trees 
incident to the drier chmate of the Southwest, mistletoe is enabled to spread* over 
the entire tree” (Bray, 1910). 

The Parasite. — Most of the species of Phoradendron show a marked 
similarity in growth and general habit, appearing as bunched tufts of 
leafy, perennial, suffniticose shoots on the branches of their hbsts. 
Because of their evergreen character, they present a striking picture, when 
their hosts are devoid of foliage. The European Viscum and the Ameri- 
can Phoradendron are so similar in general appearance that a winter 
picture of either might easily be mistaken for that of the other. 

A marked exception is found in some of the desert mistletoes, like P. califomi- 
rum and P. libocedrif which when seen from a distance sometimes suggest the 
cactus genus Rhipsalis in their long pendant tufts* and the Mexican P. calycula- 
ium and a few other spiecies form wide-spreading, fountain-1 ike masses of still 
greater size (Trelease, 1916). 

The shoots are well supp’ ed with opposite, expanded leaves, which are 
petioled or petiolately contracted, but in a few species they are reduced 
to scales. There is a well-developed chlorophyll apparatus in both leaves 
and stems, by which the parasite is able to manufacture its own carbo- 
hydrate food, but the plants, especially during the winter, have a slif^itly 
yellowish-green cast, in some species even a golden coloring (P. macro^ 
phyUum) or an olive or brownish shade (P. junipennum, etc.). The 
stem of the mistletoe expands in the cortex of the host into an irregular 
branched structure, the haustorium, from the under side of which peg- 
like outgrowths, the sinkers, are formed which penetrate to the cambium 
and later, by the formation of the annual rings of xylera, come to be 
embedded in the wogd. 

T^e haustorium and sinkers fix the parasite in position and serve as 
an absorbing organ. The sinkers contain no phloem elements, and 
only come into direct contact with xylem cells of tfie host, hence the 
parasite cannot rob its host of el|iboratcd feods, which must travel along 
the phloem. The mistletoe is then- what may be^ed a mter paramte^^ 
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that IB, it obtains its water and mineral salts from its host, but daborates 
ats own food in the same Vay as an ordinary green plant. The hausto- 



J Kr 24Q — A typical g^o^%th of Fhotadf ndrov (ngthnunni ubout 2 foot in Inigbl (,4ftPT 

Yorf ) ♦ 



Fio 260 — Afistletoe plants 6, 6 and 7 years of age (After York) 

num gives nse to buds on its upper surface, which may produce new 
shoots at some distancerfrom the pnmary'ahoot. If the aenal shoots are 
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broken off, the cortical haustorium will immediately give rise to new 
shoots from dormant buds which are started iftto activity* n 

The northern mistletoes are dioecious, with axillary spikes of 3- or 
sometimes 2-, 4- or 5-merous, inconspicuous, apetalous flowers. The 
sepals are distinct, deltoid, valvate and persistent on the fruit; the 
stamens on the base of the sepals, with sessile, two-cellcd anthers opening 
by subapical slits. The ovary is inferior, one-celled, one-ovuled and 
develops into a more or less globose l>erry with a single albuminous seed 
and a very viscid mesocarp. The mature bernes of the common species 
are whitish translucent, or sometimes shaded with greenish yellow, while 
the legume mistletoe (P. calif ornichm) and it^s conifer-inhabiting allies 
have straw-colored or reddish bernes. 

Effect upon the Host.— The effect of misi,leto^ upon its host is variable, 
nnd msy be »"ery slight or pronounced on a given species, while some hosts 
are more noticeably disturbed. Based on the studies of mistletoe in the 
Southwest, some of the reported effects are: (1) m^re or less hypertrophy 
of the branch at th.* poini of infection; (2) atrophy and fiifil deatji of a- 
branch tx'yond a misiletuo tuft, so that the mistletoe comes to occupy 
the end of a branch, as is frequent ly well illustrated in the water oak 
{Quercijs vigra L,); (3) deforming of branches or even of the main trunk 
due to infections of long standing; (4) the excessive formation of shoots 
by the host, giving rise to a sort of witches^- broom effect, avS in many 
infections on the osage orange; (f)) delay of the host in putting out its 
leaves in the spring, note<l frequently in eases of lieavy infestation; 
(6) retardation of growth with its stunting and dwarfing effect. York 
(1909) has expressed doubt as to whether mistletoe ev(‘r kills its host, 
while Bray (1910) stales that ‘•inustieloe not oulv cHm’.es mechanical 
injury, but saps the vitah* of the branch and when sufficiently abundant 
often the wdiolc tree; iind in case of the hack berry esiK»cially, often results 
in th(^ death of the entire trei Ti has been claimed that the JOuropean 
misthdoe (Viscum album • is nourished by its host in the summer, while it, 
in turn, fifriiishes its host with food during the winter, but for our Amer^s; 
can mistletoes no such harmonious relations are believed to exist, the 
parasite always constituting«a drain upon the host. 

Etiological Relations. - The fleshy, viscid l)C‘rries are to some extent 
an object of food for certain birds, and the seeds are disseminated very 
largely by these birds, for the most iwt “by being wiped from the beak 
against a branch in tiie bird\s efforts to remove the adhesive pulp” or also 
througli the excrement. “In either case the pulp still regaining. about 
the ^ced causes it to stick to the branch and by drying to become firmly 
pasted there” (Bray, 1910). The sticky character of the berry pulp is so 
pronounced that mistletoe fruits in lOurope are usefi in the preparation 
of bird lime. Mocking birds, gedar birds-or wax wings, cardinals, robins 
and sparrows are reported to tx* important agents of dissemination, 
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first being named the chief distributor. The mocking birds seem to 
give first choice to other sources of food — for example, hackberry fruits^— 
but when these become exhausted turn their attention to mistletoe berries. 
Later in the spring when the mistletoe berries soften, they may be broken 
from their attachment by winds or rains, and fall to other branches on 
which they become crushed. 

By February or later the seeds germinate, the exact time, of course, 
depending upon the temperature and moisture. The radicle turns 
towards the substratum, and when it comes in contact with it enlarges 
and becomes flattened to form a more or less circular aUachmertt disk. 



Fia. 2S1. — CroM-«ection of a branch infested with mistletoe shoot of mistletoe; k, 

haustonuni; sinker, c, cortex of host 

A papilla-like projection, the primary hauaioriumy develops from the under 
surface of the attachment disk, which by mechanical force and the secretion of a 
difestiwi substance sinks itself into the bark of the host ... As 86on as the 
primary baustorium becomes established, it spreads out in the cork cambium, 
but does not penetrate beyond it (York, 1909). ^ 

Sinkers are generally formed during the first year of growth and reach 
the wood, while buds of the first shoots are formed on the attachment 
disk. The rate of growth is very slow and by the end of the second year 
the shoot has produced its first pair of foliage leaves. Mature plants of 
the Texas mistletoe (P. engelmanni) may reach a lengtbf of 1 to 3 feet, and 
in specimens of maximum siae have been estimated to be at least 20 yCSars 
old. With continued growth the cortical haustorium may completely 
encircle a branch and new shoots may appear even on the side opposite 
the original point of entrance. There appears to be no fixed limit to the 
continued existence of nfistletoe on its host. The European mistletoe 


PAHMItlC SfiED PLANTS AND THE TROUBLES THEY CAUSE 817 

has been found with sinkers extenomg tnrougn ou to 7U annual rings of 
wood, wlule it is the belief that many infections of the Texas mistletoe 
are nearly as old as the host itself. According to observations made* - 
previous to 1910, there were many cases in Texas where mistletoe has 
been repeatedly broken from large branches during the past 20 or 25 
years'' (Bray, 1910). 

Physiological Strains. — The European mistletoe {V, album) ^ accord- 
ing to Von Tubeuf (1923), shows three different strains or races: (1) the 
pine mistletoe (Kiefermistel) on pines and some other hosts; (2) the fir 
mistletoe (Tanncnmistel) on Abies species; and (3) the mistletoe of 
broad-leaved trees (Laubholzmistel). The American mistletoes have 
not been studied so intensively and thoroughly as V, albuya, but it is 
stated that P, fiavescens, the eastern mistletoe, most generally affects 
only one of its numerous hosts in a given region, “doubtless illustrating 
the same host adaptation as the mistleioe of northern Europe" (Trelease, 
1916). Bray records 32 different hosts for the Texas mistletoe (1910) 
and states that it seems likely “that the central Texas fonn of mistletoe 
may be more or less freely established upon all of the hosts Dy seed carried ' 
from the mistletoe growing upon any one of them." The marked* 
similarity of several of the recognized species, whose separation has been 
based largely on the study of herbarium specimens, suggests that more 
detailed field studies and cultures mignt be undertaken with profit. 
Hecent studies (Harris et aL, 1930) have sliown that the Loranthace® in 
general show a higher osmotic conceiiTratioii of the cell sap than their 
hosts, but an exception to this rule has been noted in the desert •mistletoe 
on the creosote bush. 

Control. - The problem of rnistieroe control in America is concerned 
primarily with sh'^de irees and in a few environments with fruit trees. 
Two entirely different dei.jands are to be met. {!) the prevention of the 
development of serious infest alioiis on developing trees; and (2) the 
extermination of the mistletoe or ‘ mitigation of the damage in heavy 
infestalioiis of long staiuliag If ^rees in mistletoe regions are carefully 
watched, it should not be difficult to hold the parasite in check by ordi- 
nary pruning operations, vsince infected blanches may be cut off a few 
inches Ik'Iow the point of infection, and the parasite effectually removed. 
In established infest n lions which have been permitted to develop unmo- 
lested for some years, two cour.'^' ^ ^re ojien: (1) the breaking of the 
mistletoe, which retanls its growth and gives some lelief to the tree; and 
(2) cutting out of the mistletoe, with treatment of the haustoria to pre- 
vent the rea])i)earance of new shoots, combined with heavy pruning or 
heading back of the host in accordance with its landscajie relations or 
tolerance to s(*vere mutilation. The breaking of miitletoe can be acoom- 
filished in tall shade trees by means of a,inistletoe hook, consisting of a 
curved or L-tfliaix‘d iron inser/ed in the end of^a long pole. With this 
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impiement the rather brittle mistletoe tufts may be pulled or broken 
from their point of attachment. In this treatment, however, the haus- 
toria give rise to new aerial shoots, which continue the growth of the 
parasite. 

Mistletoe, however, can be kept well under control by cutting off these succes- 
sive erops of sprouts, and where this is done every year or two the trees are kept 
more sightly and the damaging effects of the mistletoe reduced to a negligibl 
quantity (Bray, 1910). 



Fig. 252. — Scaly mistletoe {ffazovmofskya ap.) on pine. 


There are conflicting reports as to the success of paintipg infected 
Wgions, after breaking or cutting off of the mis letoe, with various creo- 
sote preparations, but it seems that this treatment offers no sure remedy. 
Apparently, a complete killing of the mistletoe can only be accomplished 
when the bark covering the haustorium is cut away together with the 
external parts of the haustorium and the cut surface treated with creosote 
or coal tar or a combination of the two. This treatment is feasible and 
successful in infections of moderate size, but in old infections with widely 
ramifying haustoria is difficult, and much less likely 'to' be successful. 
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CHAPTER XXVIII 


NEMATODES AND THE DISEASES THEY CAUSE 
NEM/TODES 

Nematodes live free either in moist earth or in water, in d^^cayiug 
vegetable or other organic substances or as ecto- or endoparasites on 
olants or animals They feed mostly on juices which they suck up 
directly from the organic materials of the substratum or which they make 
available from living cells by bonng into them with a buccal spear. Free- 
livmg forms which live in the soil and feed upon dead or diseased plant 
parts may influence plant growth, but the true parasites are of the most 
phytopat hological interest. 

General Characters of Nematodes. — The nematodes, or nemas 
sometimes called round woi ms, have tubular or filiform bodies, with 
mouth and well- developed aliment arv canal The mouth is provided 
wiiih papilla' or lips or with hooks (»r spines in the oral or buccal cavity, 
and leads into a nanow tt'sophagus, which usually has thick muscular 
walls and a cuticulanzed lining and may he dilated into tine oi more 
muscular (esophageal bulbs oi pharynx The cnsophagus is a suctorial 
tube, which by valves and its musculai walls pumps m fluid food and in 
some species solid par+icles, and^asses it on to the intestine by peristaltic 
action The intestine is usually a straight tube which continues the 
alimentary canal into the rectum, which opens by the anus near the 
posterior end of the body on the \ential surlace As a result of degener- 
ation the external opening or even the entire alimentary canal may be 
wanting in certain genera 

The body wall is muscular, and encloses a body cavity containing the 
t/lood fluid, the alimentary canal and the excietory and i ('productive 
organs There is no definite circulatory sj^stem, and respiration organs 
are lacking The body is unsegniented, but the stiff cuticle is often trans- 
vei'^ely ringed. The muscular body wall makes it possible for the body 
to be knotted, curved or bent, and permits the characteristic undulatory 
movements of filiform species. In most forms two lateral regions remain 
tree from muscle cells and form the so-called lateral chords or lines 
Dorsakand ventral median choids may also be distinguished. 

The sexes are generally separate and the males smaller than the 
females. The leiiia^^s lay eggs but in a few cases they may bear living 
young Mnny species are parasitic during either all or a part of their 
life cycle, and some develop in two entirely utii elated hosts. Animal 
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(MomtitM live moitly ia ttie iatattiae or Mm oqiaai df vaiiout aaiihalj 
ii»diu4mg loan, dameito aamah and otiMH* aMialMdi,teweU,#tc. Nota- < 
Me forms are TrickinMa 9fiMU (Triehitia), tlM saase of trichinoris In 
man, a disease which is eontraeted by eatiag aaeeoked pork in which the 
worms are encysted^ the Guinea worm (Filariu msdinensts), which devel- 
ops in the subcutaneous oeHuiar tissue of mar in the tropics of the Old 
World, and forms abseeeses when the worms reach full sise (2 feet or more 
long); and the hookworm {Necator amencanus)^ the cause of the hook- 
worm disease, now known to be a terrible scourfc in the southern United 
States, where it is common among the negroes and poor whites. Hook- 
worms live in the soil and gain access to the human body through the 
soles of the feet, causing ^^ground itch'^ or “foot itch,'' and later pass 
into the intestines. Hookworms cause anemia, hemorrhage, heart weak- 
ness, emaciation and perverted taste, as shown by clay or dirt eating. 

Classification of Important Plant Nemas. — Of the various families of 
Nematoda, the plant pathologist is especially interested in one, the Tykn- 
chnia\ This is a family of minute forms, which live free in the, soil, 
water, etc., or on or in plants as parasites. The alimentary canal has' 
two pharyngeal or (esophageal bulbs, .the head end is blunt, with central 
mouth, the posterior end generally pointed. The males have two similar 
spicul(r. The following genera are the most important ones furnishing 
plant parasites: 

Tyknehus . — Buccal spear short, three lobed at the base; oesophagus 
indistinct with strong, oval, anterior ersophageal bulb and jwstericjr 
(esophageal swelling joining the intestine by a broad base; male with 
single testis, and smooth bursa. 

Important species: (1) T. dipsaci (Kuhn) Bastian, the stem nematode 
of clover, alfalfa, strawberry, hyacinths, etc.; (2) T. tyitiri (S.) Bastian, 
the cereal and grass nematode; (3) T. prateimi^ De Man,, a species infest- 
ing cotton and potatoes ((^obb, 1P17); (4) T. snnihs Cobb, parasitic on 
roots of banana and sugar cane (C<^bb, 1915). 

TylenchT^lus.—Speai and oesophagus typically tyleiichoid; cctoftJira- 
sites. 

Important species: T, sempeneirans Cobb, the root nemalode of 
citrus. 

Heterodera. — Buccal spear tylenchoid; male with one testis and with- 
out bursa; pas,-»es through a “meta Mjtphosis"; female when sexually 
mature, enlarged flask-shaped, cyst-like and filled with eggs or embryo 
nematodes. 

Important species: //. schachtu Schmidt, the sugar-beet nematode. 

Caconcfna , — “Resembling Heterodera, but truly endoparasitic and 
leas speciairzed in its pirasitism; having the arnpHids protected by 
* cheeks’; the males with two test^es" (Cobh, 1924). Recently separated 
from Heterodera with C. radicie^la as the type. 
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Important species. C radtcicola (Greef) Cobb, the cause of root gaD 
> or root knot in hundreds Mf species of plants. 

Aphelenchus — Buccal spear tylenchoid, male without bursa, direct 
development 

Important species (1) Aphelenchus olesistus Ritz Bos, the leaf 
nematode of ferns, begonias and other greenhouse plants, (2) A fragamw 
Ritz Bos, the cause of the ‘‘cauliflower disease of strawbeines, (3) 
4 cocophilus Cobb, the cause of the “red nng“ or “rot dist'ase’' of coco- 
nut (4) A iitzema-hon Schwartz, the chrysanthemum-leaf nematode 
(Pteiner, 1924) 
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NEMATODE DISEASE OF WHEAT 

Tylenchus tntid (S ) Bast 

This 18 an oelviorm dise ise which affects the aerial parts of the host, 
but invad<?B especially the inflorescence, transforming the kernels into 
galls, which resemble the smut balls of stinking smut \ anous names, 
buch as “smutted,” “bunted,” “hard smut,” “cockle,” “bin burnt” and 
“unmatuie heat,” have been applied by farmers and mill men in this 
eountr\ In England it i& commonly called “purples,” because of the 
color of 4he galls knd also “false ergot,’ m France, “ble nielli,” because 
of the similaiity to bunted -wheat, and m Germany “ Kadekrankheit,” 
t because at first associited with the seed of cockle {Agrostemnia githago)^ 
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common weed of wheat fields, also ‘^Gichtkrankheit’^ on account of 
che gnarled appearance of infected plants. T^is disease is distinct from’ 
the bulb disease (T. dipsad (Kiihn) Bastian) which attacks wheat, rye 
and oats in addition to numerous other hosts. 

History and Geographic Distribution. — llis disease was first noted in Englknd by 
Needham in 1743, but the real significance of the accompanying nematodes was not 
understood until some years later when Roffredi (1775-1776) showed their causal 
relation to the malady. The pathogenc was first named Vibrio tritici by Steinbuch in 
1799, and various other names were employed, previous to the appearance of the 
classical monograph (1865) by Bastian, in which it was transferred to Tylenchus. 
Of the numerous contributions to our knowledge of the disease which appeared 
following Roffredi’s publication, two are of outstanding importance; (1) The mono- 
graph by Davaine (1857); and (2) the contribution of Marcinowski (1909), which 
added to our knowledge of the pathogenicity and physiology of the parasite! The 
former “gives practically all that is known today abi^iit the etiology of the disease, 
lucidly describes and illustrates the different stages in the development of the parasite, 
and records the results of physiological researches on the nematode which famish 
A bacuB for its control’' (Byars, l620). 

The disease was first recorded in the IhiiU'd States by Johnson (1009) from *001160- . 
tions made in California, but was not found again until 1917 when Frorninc report4id it . 
from Virginia. It has since been reported from a few other state.s (West Virginia 
11 counties, North Carolina two counties and South Carolina and Ch^irgia one county 
each), but it has been most prevalent in Virginia (53 counties). The disease has been 
corwidered in some detail by Byars (1918, 1919, 1920), Fromme (1919), Coleman and 
lii'gan (191S) and Ijtmkel, 1924. 

This nematode disease has almo.st a world-wide distribution, having long been 
prevalent in the various European countries. It has been noted in Australia and 
South America and in 1917 Byars reported its oeeurrence in China, but it seems to be 
absent from Africa. The disease is befievod to be f‘ndemic in Europe, and has prob- 
ably been spread from England or the Continent with PX|)ortfitionK of seed wheat. It 
IS fortunate that the disease has not yet beeri introduced into the principal wheat- 
growing sections of the United States. 

Symptoms and Effects. — The disease may be noted in young plants 
by the wrinkling, rolling and distor 'ion of the leaves and by the enlarge- 
ment of the stems of affected shoots. This condition may be noted on 
young plants in the fall or in the early spring before heading. Small, 
raised, rounded areas may appear on the upper surface of mildly infected 
leaves and these lose their normal green color, become yellow, wilt and 
die. Occasionally very young leaves may '‘contain light-colored swell- 
ings or gaUs, one or more of which may be located along the midrib, on the 
leaf edge or between the two, and are misshapen by an unequal lateral 
development” (Byars, 1920). • , 

When seedlings become more severely attacked, 

. . . the young leaves^ become so strongly infected within the older leaf sheaths 
that iastead* of growing straight up normally they may l^e forced through the 
latter, carrying along with them the young stcun. In this way stems arc some 
times bent, ami induced to grow iy an almost horizonJbal direction. The leavty 
become so wrinkled, twisteii ami roired as to lose all semblance of their natjxrai 
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5 haf)c Tlit’ii noinial Rrooii color then clisai)iKMrH and finally, after wilting, the 
entire plant dies (liyars, 102t)) 

Leaf and stem symptoms are not so noticeable in older plants, but these 
may be dwarfed, yello^M&h and exhibit some curling of the upper leaves, 
or these symptoms may be entiiely absent 

The eftects of the disease are especially evident m the heads, which 
are generally shorter, have more widely divergent glumes, and are greener 
and remain green longer than normal heads, thus resembling some of the 



1 IQ 263 - Malformation of wheat leaves and stems diu to tlu nc ni i1o<l« ( / ylfnchiji frUtet) 
{iffn I ifikd louf igi /Ov 27, ]‘)24 ) 

I 

effects of stinking smut or a part of the flowering glumes of an 

affected head ina> contain hard, light-brown to dark-colored galls, which 
have reiil.u’od the normal grains Iheso galls aie smallei than normal 
wheat giain^ but sorn(*tinies thukei, inrl hue a much less evident suture 
or Idngitudin il furiow Siiue lluv ni i> be mistaken for bin-burnt 
gi.uiis, smut balls oi cockle seeds the distinctive characters of each may 
he noted (1) nm^todp qall\ hud, difh(‘ul1 to break, surface smooth, 
without brush at the lip wall thick, enclosing a central yellowish-w^hilc 
mass, (2) smut balls fragile, easil\ broken, surface smooth, brush gener- 
Idly evident, wall thinf enclosing a blaclc Txrwdery mass, (3) cockle seed 




I 
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more rounded, blaek, surface covered with rows of short spines; (4) 
bin-burnfd grains same as normal grains in ftmn, but discolored. 

The injury from the nematode disease may be due to (1) the killing" 
of seedlings, thus reducing the stand; (2) to weakened vitality and less- 
ened yield and a lowering of the market grade or quality of the crop. 
The injury fiom the disease is exceedingly variable, as may be noted 
from the fact that few seedlings may be killed, while in extreme cases 
a killing of 90 per cent has been recorded. In Virginia, samples of grain 
from millers and farmers showed 0 1 to 25 per cent of galls, and in one 
case they exceeded 50 per cent. Tn conside'nng the significance of the 



Fig 254 — Nematode galls and normal grams 4 galls froin wJipdt B gftJls fnmi. 
rye; C, normal wheat kernels, I), normal rye kernels (After 1 mkd Jour Agr Res 2/, 
1924) 

disease in these cases it should be borne in mind that many galls are lost 
before and during threshing, and that in severe infections there is much 
injury that is not reflected m the n tture of the threshed product The 
quality or market grade is lowered because of the reduced test weight per 
bushel, and the ijicreased amount of dockage, while tlTe ''flour 3deld 
from such infected wheat is reduced, and the percentage of low-grade 
flour and shorts is increased'^ (Coleman and Regan, 1918). The galls 
are diflficillt to remove by screening or fanning, test* showing 88 per cent 
after using the oat-kicking machine, 65 to 70 after using the three stand-^ 
srd sieves and 40 to 45 per cant after vigorousfanning with 850 revo)u^ 
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tJons per minute* The galLs are lighter than sound *i¥heat, with a spedfio 
fgravity of 0.8125, so they %an be removed by floating. Use can be made 
of wheat washers and driers that are especially devised to handle smutty 
wheat. 

Etiology. — This disease is due to Tylenchus tritici (S.) Bast., one of the 
parasitic nematodes, belonging to the family Tylenchidse. The patho- 
gene may be found in the galls on young leaves, in the llower galls, as an 
ectoparasite within the leaf sheaths or it may exist for a time in the soil. 
The parasitism of this organism has repeatedly been demonstrated by 
inoculations made by planting whole or broken galls with wheat or by 
pouring an infusion of galls over the seed or into the trenches before 



Flu. 256. — Lat<*rnl view of ycaing <«>ni 
Tyh nchffs trittci (for evplriMution of lt*llP 
Fifi. 266) . (After Jij/n , U . S, D/p( . Aqr 
842 . V.m).) 


planting*^ 

The yellowish-white center of 
a nematode gall is a mass of these 
minute roundworms in what may 
be desi( 5 nated as their second larval 
stage. If a gall is soaked in water 
and then opened, the freed larvse 
straighten out, and later, sometimes 
within a half hour, begin their 
characteristic, eel-like, vital mo- 
tions. ICach worm is slender, cy- 
lindrical to spindle shaped, slightly 
blunt at the anterior or head end 
and tapers to a point fit the 
posterior end. They are from 658 
to 91(V in length and 15 to 20pi in 
diameter. The average length has 
been given as 861V, while specimens 
1 millimeter long have been re- 
ported. Each larva consists of an 
outer tulxj or body covei^lng enclos- 
ing a smaller tube, the alimentary 
sure canal,! the space between the two 
being the body cavity. The mouth 
opens into a buccal cavity contain- 


ing a buccal spear, 9 to 11/z long, which is hollow, pointed at the free end 


and Irilobed at the base. 


by*ineaas of this bpcnr, wliicli can he e.xsorted aiul ic'tractcd hy strong 


nnisclcs, tlie larva is able to ph’rcc its egg membranes, to force its way into plant 
tissues and by means of tivc fine canal which extends through the spear to absorb 
l)lant juices or other lit|uid foods. 


Below the sj^ar and buccal cavity the digestive canal is continued as a 
dendcr (esophagus, \vhi<?h .slmws an anterior, globuhir, rtsopbageal bulb, 
OjT iVinsculsr erdargerrTfrnf. The slender digest i\^e canal is continued 
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back of this bulb and gradually enlarges into a second or posterior* 
elongated CBSophageal bulb, which joiuR the mudh larger inteRtine, opening 
first into a short narrow rectum leading to the anus or vent about 60^ 
from the point of the tail. Near the center of the anterior bulb there is 
small valve capable of expansion and contraction by the muscular 
wall of the bulb/^ which by a pump-like action sucks liquids throu^ the 
spear, and passes them on into the intestine. The intestine contains 
translucent granular matter and refractive nuclei of its wall cells can also 
be plainly seen, while a half-moon-shaped, light zone, containing the 
pnmordia of the reproductive organs, may be noted at about the middle 
of the body. At thi^ stage there is no sexual differentiation 

The life history of the pathogene may be briefly outlined. The galls 
falling to the ground or mingled with the seeded grain decay and the 
larva? escape into the surrounding soil. By their own activity they are 
able to migrate through the soil for a radius of 20 to 30 centimeters. 
They may live free in the soi] for several monihs, but if Ihey find no host 
plant to infect they finally pensh When Ihey come in contact^ with 
susceptible seedlings, they penetrate In'tween the leaf sheaths near the 
apical or growing points of the culms, and lemain in this position until 
the head is produced, or give rise to the curled and rolled leaves and leaf 
galls, as descrilx^d under Symptoms When the heads are formed some 
of the larva' that are lying m wait entci the flowering parts, presumably 
by the piercing action of tlieir buccal s^iears, and wilhin the galls formed 
from ovaries or adjacent organs liecome se\uall> mature, pair and lay 
thousaiMls of eggs The old woiins die, the egcrs hatch and the newly 
formed larva* become dormant by*the time the galls have reached matu- 
rity Sexual rnaliinty nia> also be attained in some of the leaf galls 
A leaf gall may contain a few to as many as 2o worms, while tw^o to 25 
or more may infest a singU floww 

The sexually mature males and females develop within the galls, 
and show modifications in structure md size. Females are 3 5 to 4 milli- 
meters in Iqngth nnd IflSju or more *n diametei 'Fhe laost of the body 
cavity back of the msophagus is occupied by the egg-producing organ 
which opens at the vulva son^e distance in front of the amis The egg- 
produeing organ consists of a short posterioi sterile branch and a large 
ante^'ior fertile portion which is so long that it is folded at the front and 
again near the middle. The first portion of the fertile branch is a glandu- 
lar, tubular portion, the uterus, which expands into a vcsicular-shape<l 
jKirtion directly connected wuth the ovary. The uterus rifay be filled 
with fertilized eggs in various stages of development A single female 
may Iky more than 2000 eggs and thus from the adults of a single gall 
10,000 +0 90,000 larvflp may result i 

The males are smaller than the females,, 2 to 2.5 millimeters long and 
more slender. In front of the yointed t^iil end there is a curved trans- 
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parent wing, the btiiaa, near whoae eent^ the inteatlM and reprodnettee 
I orgen open The latter^extencb ae a tube of about uniform chametm^ 
neariy to the oseopbagua, where it folda back for a 
tbori diatance. Tlie testis tube may be filled with 
mature or developing spermatozoa. Special copu- 
latory organs, the spiculse, are located near the 
sexual openmg. 

llie eggs are elongated elhpsoid, filled with 
dense rounded granules, possess a single central hght 
spot, the nucleus, are covered with a tough, trans- 
parent skin and measure 73 to 140 by 33 to 63/u 
Segmentation may be begun before oviposition, but 
is generally delayed until the eggs are laid It 
proceeds rapidly and within a short time the young 
larva pierces the egg membrane with its buccal 
spear and escapes from, the shell The larvae pass 
mto a dormant and very resistant state by the time 
the galls are mature In this condition they are 
able to remain dormant for many years and resume 
their life cycle when favorable conditions of moisture 
are offered Byars reports the successful reactiva- 
tion of larvae (1920) from galls m wheat imported 
from Turkestan in 1910, and cites a case of resumed 
vital activity after a dormancy of 27 years 

The dormant larvae in the galls art? very 
resistant to temperature changes or to the action of 
chemical agents. Galls soaked several days in tap 
water and then immersed in hot water gave the 
following results: 46®C. for 5, 10 or 16 mmutes, no 
effect; 48°C , ditto; 50®C. ditto; 50®C. for 30 minutes, 
Fia 266— Ventral uU killed; 52®C, for 20 mmutes, all lifeless, 54°C' 

^ew young male of to 15 mmutes, practically all' killed , 54°C for 

•Tylenehiis IrUiei A, ^ ^ / « , « , i. 

■pear^ B anterior oaeo- more than 15 minutes, all killed; 56, 58 or 60 for 6 

phag^ wiai* % minutes, all killed. Tlje larv» in dry galls are much 

tenor cBflophageai bi^ more resistant than when moist. They are able to 

B, system. P, stand temperatures of 58®C. or less for 5 to 20 

eprodurtive system. O . xi_ 

^pioula in the male and mmutes, With only pronounced reductions in the 
vulva m ^e fem^e. H, cent alive, while it required 60®C for 10 minutes 
to kill all of the larvae. Larvae outside the gallfe in 
^ water are more sensitive to heat than when in the 
galls, being killed by half the length of exposure 
neoesss ry for whole (sails The larvae in moist galls will withstand soaking 

in lormaldehyde solutions that are sufficiently strong to cause more seed 
m]Uiy than can be tolerated 
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Itt fall teediagi, the method of overwintering of the pathogene baa 
been some investigators contending that the larv» overwinter 

in the galls and escape into the soil and infect the young plants in the 
spring, while others believe that they are set free and live in the soil or 
locate in the seedlings. Most of the evidence favors the fall infection, 
but it seems that the exact behavior may depend on temperatures, time 
of seeding and available moisture. Apparently, ordinary winter tempm- 
tures would not be fatal to free-living nematodes of this species, as they 
have been subjected to 15 to 18®C. below zero without injury. 

Only in its second larval stage does the parasite constitute a source of infec- 
tion. All other stages of the life cycle are more or less transitory, unable to 
withstand unfav'orable conditions, and unable to live or develop for any appre- 
ciable time outside the host plant (Byars, 1920). • 

Because of this behavior, the galls mingled with seed wheat must 
be the principal agent by which the disease is introduced into the field or 
spread to new localities. Free larvae, mingled with the soil, may reqiain 
alive sufficiently long to be transported long distances, but it is believed 
that this method of dissemination is of very minor consequence. 

An interesting relation between the so-called Dilophospora disease 
{Dihphospora ahpervri (Fr.) Fr.) of cereals has been established by 
Atanasoff (1925). This disease had been supposed to be caused by the 
accompanying fungus, but Atanasoff claimed that the reputed pathogene 
can affect only hosts that are attacked by Tylenchus tritici. The nema- 
todes catry the spores of Dilophospora to the growing points ancl affect 
the host in such a way that the fungus is able to develop. This is not, 
however, in agreement with later studies (Schaffnit and Wieben, 1928) 
in which successful inoculations were made with the fungus without the 
intervention of the eelworrns. It seems probable that the eelworms do 
act as carriers and also increase the severity of the fungous infection^ 
A bacterial disease attacking only plants infected by eel worm has also 
been described (Came, 1926). This produces a yellow slime in the heads 
and adjacent leaves. 

Host Relations. — T. tritici%is primarily a parasite of wheat, but it is 
also able to infect some other cereal hosts. It bas been noted under 
natural conditions on spedt, and by artificial inoculations an abundant 
infection of emmer, rye and spelt, an:* faint infections of oats and barley 
have been reported. Some inoculations on barley have yielded no galls, 
and on oats only a very few minute flower galls, hence bartey and .oats 
appear to be very resistant, while rye, emmer and spelt are quite suscepti- 
ble. Vlower .galls due to nematodes similar to or identical with T. 
tritici have been studied on various wild grasses (Beasey, 1905) in both 
Europ)e .and America. Investigators have mostly agreed that the slight 
morphological differences sbown.by^the different collections are not suffi- 
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deni to justify their retenfton as distinct species. Attempted inocula- 
tions and observations o4 wild grasses growing with infected wheat indicate 
that the various flower-infesting nematodes of wild grasses are either 
biological strains of a single morphological species or represent distinct 
species, since none of the grass forms have been communicated to wheat, 
and the wheat nematode has not given successful infections on any of the 
wild grasses. 

No extensive tesla of varietal susceptibility are available, but Fromme 
(1919) records his experience with five varieties which showed from 44 
per cent of infected heads in Ked Wonder to 74 per cent in Fultz, while 
Fulcastcr showed the highest per cent of galls in the harvested grain (31 
per cent ) and I.eaps' Prolific the lowest (23 per cent). Kanred is reported 
as very resistant (Leiikel, 1929), but this variety is not adapted to the 
infe^^ed regions. 

Control. — In considering the prevention of nematode infestation 
of wheat the following facts should be kept in mind : (1) The galls in seed 
grain constitute the principal source of infection; (2) galls that fall to the 
ground during harvesting oiierations of an infected crop may contaminate 
the soil; (3) wheat us thf- principal crop tliat suffers from the disease, but 
other cereals may develop light infections; (4) the wheat nematc)de can 
survive only in connection with its host, either in the galls or on a living 
host. With these facts in mind, the use of dean or vemotode-free wd 
wheal a7)d the lofation of nops are suggested. ♦ 

Clean seed may be obtained in either of seveinl ways: (1) by the selec- 
tion of seed from localities known to be free from the disease, eilhpr in the 
home environment or by sending awaynf iif^cessary, (2) by the separation 
of the galls from contaminated ^feed if it must be used; and (3) by the 
hot-water treatment to kill the nematodes carried by the galls. Treat- 
ment of seed is advised only when it is impossible to obtain clean seed or 
when it is desirable to retain a valuable variety 

Neither sieves nor fanning mill will separate all the galls but a com- 
plete^ separation may be effect ed by the salt-briiie treatment^ Pour the 
•contaminated seed into a 20 tx^r cent solution of common salt (40 pounds 
to 25 gallons) and stir vigorously to bring the light seed, galls or other 
trash to the surface. Decant the floating material into a second con- 
tainer covered with a cheese-cloth screen, then rinse the clean wheat in 
pure water and spread out to dry. The skimmings should either be 
burned, or if it is desirable to use them for stock feed, they may be soaked 
m boiling winter to destroy the nematodes. As an extra safeguard to kill 
any iienialodes that may be on the surface of the grain, the cleaned seed 
may be treated with hot water for 10 minutes at a temperature of *51 to 
52'^C. ^ , 

Equally good results may be obtained by the hot-water treatment 
alone. By this method the gram should ^ soaked for 1 hour in unheatod 
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water and then immediately immersed in hot water, using any one of the 
following effective combinations: 20 minutes at 52°C., 15 minutes at 
64®C. or 10 minutes at 56°C. 

Crop rotation must be practiced if the previous crop of wheat was 
infected. Some of the heaviest losses have occurred in land cropped to 
wheat for a number of years in succession. The consensus of opihion 
favors growing a non-susccptible crop for three consecutive years, 
although two may suffice. For the first year a cultivated crop would 
seem preferable, since it will be desirable to eliminate all volunteer wheat, 
and any other grass species which may possibly act as hosts. It- should 
be noted that rye, emmer, spelt, oats and barley are to be classed as 
susceptible crops and so should be avoided during the period.of the rota- 
tions before the return to wheat. Until more specific information is 
available as to the communicability of the wheat nematode to certain 
wild grasses, all those which are known to produce nematode flower galls 
should be avoided. Fromme recommends clover, alfalfa or some other 
legume for one or two years to be followed by corn for one year, before 
returning to wheat. 
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ROOT KNOT OR ROOT GALL 

Caconema rad'icicola (Greef) Gobb (Heterodera radincola (Greef) Miiller) 

This disease is charactenzed on most of its hosts by the formation of 
characteristic enlargements on the roots, which have suggested other 
OdmaOR names than root knot, such as '^root gall,” ^^eelworm disease ' 
and root ” 

History and Geographic Distributioii. — The loot knot was hrst discovered b\ 
Berkeley m 1865, but it was not until 1872 that the nematode was studied from galls 
on Dodarita onentalis by Gn ef and named AngmUtUa radincola The first exhaustive 
study of the parasite was made by Muller in 1H8«^ and presented as an inaugural dissor 
tation The biological and phvtopathological aspects of the disease wen w# 11 treated 
by Frank m 1886 Monographic treatments iollowed m 1889 by Atkinson in 1898 
by Btone and Smitti and in 1911 by Bessey Much of the more recent literature has 
^ dealt with the various methods of control, only a few workers giving consideration to 
ecological and etiological aspec^ts (Godfrey, 1924, 1926) 

The iY>ot-knot nematode is supposed to be a native c»f tht t^ppieal and senii 
tropical regions ol the Old World, whence it has spread to all countries of the world 
Ite range in the open is limited only by its tcunperature requirements, which confine 
it mainly to the warmer regions, but under the favorable coiuliliorib of grocnhoiist 
culture m any part of the world it frequeiitty become s a veiy destnie tive pest Root 
knot IS eximmon and often very serious on faeld-grown crops m the t?)outh Atlantic 
and Gulf states and California Sporadic held oceurrenecfe have been rcjiortcd as far 
north as New York and Michigin and west of the Roek^ Mountains from Idaho 
Oregon and Washington In New Jersey, Maryland, Delawau, Southern Ohio 
Indiana and Illmois it is found frequently in truck gardens and nurseries, but it is 
mainly south of this zone that the disease becomes an outstanding problem m crop 
production 

Symptoms and Effects. — The manifestations of the disease and its 
effects are: (1) the galls or enlargements on the root system, (2) dwarfing 
and retarded growth with more or less root killing and reduction of yield , 
(3) a paler-green color of the foliage than noimal, ficquently accompanied 
by marginal necrosis; (4) a more pronounced wilting in hot, dry weather 
than for healthy plants; (5) the destruction of seedlings almost as soon 
as they get above the surface of the soil, very similar to fungous damping- 
off, especially in heavily infested soils, re'iulting m thin or irregular 
stands; and (6) the l^remature death of older plants or even of those 
approaching seasonal maturity The degree of expression of these effects 
is measured by the severity pf infection as indicated by the size and abun- 
dance of the root galls. 
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The root galls or enlargements may appear as small, soattered, 
tubercle-like growths or as extensive swellings 6f either large or small 
roots. The knots may vary in size from scaroely noticeable swellings to 
hypertrophies an inch or two in diameter and in extreme cases may 
involve nearly the entire root system (see Fig. 257). The galls on violets 
are the smallest, and the largest have been recorded on roses (size of 
duck eggs). The galls on Dicois are most frequently, sharply defined 
tubercles, while on Monocots they are generally slender spindle-formed 
enlargements. If the knots are cut across, from one to several dark 
specks may be noted in the cortex, marking the location of the pathogene. 
In the Irish pK)tato the tuber suffers more than the roots and when infested 



r’ 

Fig. 257. -Uoot« of tomato pfant ehowing n* vore invasion by root-knot iH^mutodna. {After 

G. F. Ukinxon,) 

may show a rough, warty surface. Somewhat similar characters are to 
be noted m fleshy roots like carrots or turnips. Such tubers or roots 
when cut across will show small, brown, necrotic spots just below the 
skin (Fig. 258), in which enlarged gravid or young larvtf may be found.^ 
Affected organs, if carefully disse^^-i) or broken open, may show the 
enlarged female cysts as pearly white, rounded or pyriform bodies, large 
enough to be seen wkh the naked eye (‘40 to ^25 inch). * 

Etiology. —Root knot is caused by the minute roundworm, Caconeina 
radicivola (Oreef) Cobb, which penetrates the parenchyma of young rw)ts 
and by its pr(‘sonce (chemical not mechanical Rtimuffis) induces hyper- 
plasia and also cell enlargement.# The pathogene was formerly included 
in the genus Hetenwlera but waff*made the type oi»a new genuft by Cobb., 
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The young larvse which enter the tender root tissue in the caso'Of a 
primary infection devetop to sexual maturity within the root, pair and 
soon the female enlarges and eggs are produced, 300 to 500 in number, 
extruded m egg masses or oocysts. The individual eggs are colorless, 
transparent, oval shaped, about inch long and undergo segmenta* 
tion either within the body of the mother or after being expelled, and 
the young larva emerges from the egg membrane through a hole which it 

pierces. Under conditions of high tem- 
perature the egg masses may burst through 
the side of the root and appear as yellow- 
ish, semitransparent bodies closely attached 
to the root, but at lower temperatures 
the egg masses remain internal. The 
young larvsB may migrate in the roots with 
the production of secondary infections or 
they ma> espape into the soil where they 
may survive for months without any 
parasitic relation. In the warmer climates 
the root-knot nematode may pasy through 
as many as 10 to 12 generations in a year, 
a life cycle from egg to egg being com- 
pleted in 3 weeks to 2 months. 

The root-knot nematode is^sensitive to 
various environmental factors, such as cold 
or heat, drought or moisture and toxic 
ch^icafs. The egg stage is the most 
resistant to unfavorable environmental 
conditions, which suggests that the egg is 
the overwintering stage. 

Environmental Relations. — It is gener- 
ally recognized that climate is one of the 
limiting factors in the distribution of the 
root-knot nematode. According to God- 
frey (1926), fhe amount of root knot below 
a soil temperature of 16°C. (60.8®F.) is 
- , much less than when it is only 2 or 3® 

nigher. It is almost eliminated 3® lower yet, and at 10 to 12''C. infec- 
tions are very rare. Infestations are frequently severe at temperatures 
up to 29.5®G. (85®F.) and occur to some extent at much higher tempera- 
tures. The thermal death point for larv® is 128*'F. ; for eggs f3'J®F. or 
10 minutes at 110®F. for larvae, an^ 10 minutes at 119®F. for eggs. It is 
he temperature relation that is largely responsible for the present geo- 
graphic range of root knot as.a serious pest. 



^ Plb. 258. — Section through a 
potato invaded by root-knot 
nematodes. The worms are lo- 
cated in the necrotie areas just 
beneath the surface. (Afttr 
W . A, OrtonS) 
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Many successful commercial greenhouse men throughout the country, as 
wdl as truck growers in the South, make use of the fast of the warmth-requiring 
proclivities of the root-knot nematode to grow successfully low-temperature- 
enduring plants such as lettuce and celery, in root-knot infested ground (Godfrey, 
1926). 

Lettuce may be grown in greenhouses in nematode-infested soil at 
45 to 60®F. with little infection, while cucumbers or tomatoes at 70 to 
75® would be severely affected. 

The amount of moisture seems to play only a small part in root-knot de velop- 
ment, so long as the moisture content of the soil is favorable to the growth of 



Fig. 260. — and young root-knot worm^^ just hatohed, takon from a i)ol,a(n {AiLtft 

F. ji. hi^dfry,) 

m 

the crops. Within the range of 40 to 80 per cent of the nioistnre-hohling 
of the soil there is very little difference in root-knot development. At 00, 70 
and 80 iwr cent there appears to &e a slight increase over the other percentages. 
Even below 40 jier cent, which is too dry for good growth of ordinary crops, and 
above 80, which is more or less muddy, considerable rwt knot occurs (dodfrey, 
1926). 

Varying results hgive been obtained by flooding as a tneabs of k^ling 
the root-knot nematodes. Flooding for 3 to 4 weeks failed to give con- 
trol in a number of cases, but freedom from, root knot is reported by 
Florida trudk growers whose lands are flooded for 3 o* 4 weeks. 

The root-knot nematode is sensitive to drying, the larva*, being more 
sensitive than the eggs, the former being killed l^y complete dryness in 
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3 mdAutai, and the latter in 2 hmm. In the ordinary haadiinf oi aafti 
dedocation would not free them from infostation, rinee neoHitedei are 
known to penetrate far below the plow line, and a com|dete drying would 
be necessary. Root knot is likely to be most serious on light, sandy or 
muck soils but less serious in clay soils. 

Host Relations. — The root-knot nematode attacks an enormous 
number of plants, its known hosts including over 500 wild or cultivated 
species. The following are listed as especially subject to the disease: 
(1) field crops, including alfalfa, clover, cotton, cowpea (exceptions below), 
sugar beet, sugar cane, sweet potato, tobacco and vetch; (2) ornamental 
and drug plants, represented by begonia, cineraria, clematis, coleus, 
dahlia, hollyhock, ginseng, goldenseal, peony, rose, sweet pea and violet; 
(3) track crops, such as asparagus, bean, beet, cantaloupe, carrot, celery, 
cucumber, dasheen, eggplant, garden pea, lettuce, muskmelon, okra, 
onion, pepper, potato, salsify, spinach, strawberry, tomato and water- 
melon; and (4) woody hosts, the most i|pportant being the almond, 
catalpa, cherry, dale palm, European elm, fig, mulberry, Old World grape 
vine, peach, pecan, Persian walnut and weeping willow. Many wild 
plants, including most of the common weeds, are also attacked. 

The following list includes tlic more important cultivated plants 
which by their immunity or resistance are safe for use in crop rotations 
on contaminated land* barley, corn, rye, wheat and winter oats; sorghum, 
mile and kafir corn; red top, timothy and nearly all grasses^ Iron, Brab- 
ham, Monetta and Victor cowpeas, peanut, Laredo soy bean and velvet 
bean. 

Control. “Two practices stivnd out as of special importance in the 
control of root knot: (Ij crop loiation, or the growing of resistant or 
immune crops for 2 to 3 years; and (2) sod stenlization, the former of 
first importance in field cultures, the latter for crops under glass or in 
intensive garden culture. Other practices may be of value in specific 
cjises such as early planting of adapted varieties which are known to 
mature before the periods of high temperature, the selection of a low- 
Icmperature crop for infested greenhouse soils or the cultivation and 
high fertilization of orchards and ornamental plantings, with the avoid- 
ance of susceptible cover crops. Complete fallow with the destruction 
of all weeds is very helpful, and in some cases benefit has been obtained 
by flooding for several months. The use of a catch crop’' has been 
advocated in Germany, that is, growing a susceptible crop and removing 
the plants and destroying tlicm before the nematodes migrate into the 
soil. 

Under field conditions satisfactory results will follow very careful 
attention to crop rotation, such as an immune cereal the first year, a very 
resistant legume the next ye.ar to be followed by the desired crop. A 
suggested rotation for the home vegetable garden which often becomes 
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very badly infested, owing to continuous cropping to susceptible vaine- 
ties, is: first f year, chicken runs; second year, gartlen; and third year, corn, 
using three plots or chicken runs so that one section is available each year 
for garden (Godfrey, 1923). 

The methods of soil sterilization are: (1) the application of a nem|Lcide 
or a chemical agent toxic to the nematodes; (2) drenching with boiling 
water; and (3) steaming. Many different chemical treatments have 
been tried, mostly with indifferent success, C'ertain proprietary prei>- 
arations have proved worthless. One of the most promising was the 
combined sterilizing and fertilizing treatment with calcium cyanamide 
(Watson, 1917, 1921), but this do<^s not seem to have been generally 
accepted. Sodiurn cyanide has also been used with some su(?cess (Durez, 
1917). Drenching with boiling water is adapted to sterilization of4>ots, 
flats or small benches and may be accomplished by the use of 7 gallons 
per cubic foot of soil (Byars and Gilbert, 1920) Steam sterilization is 
in very general use in greenhouses in regions where nematodes are pre- 
valent and is the most economical and effective eontroL Using high- 
pressure steam, various methods of treating the are in use. including 
movable or stationary perforated pijK‘S, the inv<'rtf‘d pan or temporary 
or permanent buried systems of tile (Bejnhart, 1918. Brown ct nl., 192g; 
Sackett, 1927; Newall, 1930). 

Consideration has been given to the possibility of the control of root 
knot and other nematode diseases by ine«‘ins of predatory nemas (Steiner 
and Heinly, 1922) and to tlie seU*ction and breeding of resistant varieties 
of crops? (Malloch, 1923), The recent discovery of two very resistant 
or nearly immune strains or varieties 0 ^“ pole-snap beans is an illustration 
of what may be expected by careful selections from large populations 
grown in heavily infested soils. 
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• IMPORTANT DISEASES DUE TO NEMATODES 
Nematode disease of wheat {Tyhne^u^ int)ci (S ) H;»s| ) (Se<‘ special tn‘a1nH*n1, 

p. 882 ) 

Stem and bulb nematode. {Tuhnehus dipsori (Kuhn) Bast.). This nematode is 
known to attack over KM) diffeienl s|)eeics ol host plants and has reeiaitly Imhmi 
n*poit<*d as tlu' < ause of se\ eM‘ iniun to straw l)ernes, H‘d elovtu and iillalta 
m the Pacific Northwest On Inaemths and otli(*r bulbs it is known as tlie 
“ring disease.” (Jodkue'i, (b II ' The i*clwoim disease, a inenacM* to altalfa in 
AnuMu-a V. S Dipt Aqr Circ. 297: 1 IN 1923 Wii^wn, S /a SoIllUHr’'^ 
llandbiicl) der JMlan/.cnkrankbeitcn, 4te Aid 4:7 21 1921 II(>n.M)N,\V E. 11 

Obsi'i \ at ions oil tlu' InologN of Tifhuchns iiip\oci (Kuliii) Bast., and on the 
oeniiieiiee of Inological strains of tlu* nematode \tin AppI Biol 13;219-22n 
192(> 

The “burrowing” nematode. {Ti/h nrhus tsftntlis Gibb).- The banana, sugar cane, 
‘^weet jMitato .Mid eilible eaiMia ar<* tlu* nion* iiiijxu t;int hosts CiODKRKY, Ck 11. • 
The liost jilaiits <»( tlu* “burrowing ’ !u*iiiato<l(‘, Tylvuchus muiih.'^. PhgtofHith 
21* 315 .^22. 1931 

The Foot nematode {Ti/lmrhus piotinshs l)e Man, Syn. T. petivtrana Cobb) Cotton, 
|K)l,ito, \ioiet, lil\ -of-1he-valle\ ami \A\ other hosts are recorded by Steiner 
Comb, N. A.: A new parasitic nema found mb'sting cotton and potatoes; Jour. 
Agr lirf^. 11 : 27 ^33 1917. Stkineh, G.: Tijlenchua pratnma ami various other 

lU'inas attai*king plants. Jour. A^r. Rvis. 36; 961-9S1. 1927. 

The citrus nematode (TgUrtchulu,^ aemiiH'ncira^ Gibb). — Thomas, E. E. : The citrus 
nematode, Tglmchulu i nemipenetrana. fVk Agr. Exp. Stn. Tech. Paf>er2: I- 19. 
1923 
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nematode {Heterodera scha^htii Schmidt). -^Thia nematode attacks all 
varieties* of beets, practically all the cultivated cruciferous plants and many 
others of less importance. Shaw, H. B.: Control of the sugar-beet nematode. 
U. S. Dept. Agr.f Farmers Bvl. 772: 1-19. 1916. Wilke, S.: In Sorauer’s 
Ilandbuch der Pflanzenkrankheiten, 4te Auf. 4: 38-46. 1924. Stewart, G. 
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Sta. Bui. 195: 1-31. 1926. Sengbush, R. V.: Beitrag zur Biologie des Rttben- 
nemalodcn. Zeitschr. /. Pflanzenkr. 87; 86-102. 1927. Molz, E.: Ueber die 

Bekampfimg des Rubonneniatoden mit reizpliysiologiseh wirkenden Stoffen. 
CentraJbl Bakt. u. Par., II Abt. 81: 92-103. 1930. 

Root-knot or root-gall nematode (Caconema radicicola (Greef) Cobb). — (See special 
treatment, p 892.) 

Strawberry nematode (Apkeknehus fragaricp Rifz. Bos^.- The cause of “cauli- 
flower disease*’ or dwarf of strawberry. Staniland, L. N. and S^^AHBRieK, T.: 

‘ Experiments on the relation of strawln'rry eelwonn (ApMenchus fragarig^) to 
“red plant" and “cauliflower" diw^ase of strawberries. Jour. Bath. & West d‘ 
South Co. Soc. Agr. 6: 198-209. 1929. Goffart, H.: In Die Aphelenchen der 
Kulturpflanzen, pp. 3.V40. Julius Springer, Berlin. 1930, Stevens, N. E 
and Mook, P. V.: Field observations on strawberry dwarf in North Carolina. 
P%topa//i. 20: 669-<;72. 1930. 

Fern nematode {Aphelpnchus olesidm Iliiz Bos). --Causes necrotic areas in leaves 
of various ferns. Also on Begonia, Gloxinia and Cypnpedium WiLKBi 8.: In 
Sorauer’s Handbuch dsr Pflanzenkrankheiten, 4te Auf. 4: 32-34. 1924 

Goffart, H.: Ihid.^ pp. 54--67. 

Chrysanthemum nematode {Aphelenchus ritzema-bost Sebwanz).- Wilke, 8.: Ibid.^ 
4: 34-36 1924, Goffart, H: Massnabmen zur Bckkmpfung dcr^Xlchen- 

krankheii an Chrysanthemen, Nachrichtenb. Dfutsch. PfianzeuHchvt^d 8: 1-2. 
1928. Goffart, IL: Ibui.y pp. 40-51. 

Coconut-^alm nematode {Aphelenchus c^tcophilus Cobb). This nema cause s Tl disease 
in tropical America known as the “A'd-riug" disease. Nowell, W : / n Diseases 
of Grop-plants in the liOBser Antilles, pp 177-182 1924. Goffart, H : /fmi., 

pp, 70-78. 
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Abaoa or Manila hemp, bunohy top, 314 
Abnormal proliferatnm, 7^ 

Abeetssiuu lavern, 41 
Abutilun, 2l>4 
Abuitlon arborrurn 2G4 
darvnnti ttantintum, J(t4 
tnd-icuvi, ?(j 2, 2b4 
infectious eliloroeia. 2h5, 314 
atritUuntt 

strtaium thtirnfm/intt, 2G4, 
thompHonii , J(>4 
4oaoia, rust, 40 
Aoanthorh^ nrhuB, 600 
Acanihurhynehutt vamriit, 659 
^cantlioBtmma, 591 
4can0iO8tiyma pnrunficum, (Vfli 
Acer camptatn, JIH 
ru6rum, 563 

Arervulus, pi arervuli, 406, 407, 510, 043, I 
«05, 684 

Acid lead tfrseuate, injur> from, 237 
Acid soils, effect <m Khiroctonia, 
relation to club r<»ot 4<>4 
Acidity, eell sap, 16y 
injury, cereal crops, SJ 
Acreiiioniurn, 666, 6(iD 
Acroiiiania or rra/x Uip, t.ition, 310 
Acronet rosiB, potat«), 290 
Acrustalagiiius, 66€, 6()9 
Actinoiiiyces, 3^1), 37S 
\rtinomycri, ehrotvot/tjiua, 37h 
wabies, 375, 37S. 379. 467 
ffonidia. 379 
Vctmoniyces scab, 829, 

Aotinomycetalls, 32(» 

Actinomycosis, p<italo, 375 384 
Actinonerna, 671 

Activated sulphur, for apple scab, 626 s 
Adams Act, 11 
Adheso, for apple scab, l»26 
„KcidiaceiP, 770 
.ticidiospore, 40(i, 703 

.is^Gidiuin, pi ie( uioi 400, 435, 703, 764, 771 
^fUctdtum hfThi ri'im, 774 
eacu.lt titum, 40 
.'Eciospore, 703, 764 
.I'jCio-lfshoei.ore, 708 

.4‘:cium. pi ffcia, 406, 400, CC4, 76?. 764, 778. 780, 
781. 799. 886 

yf'HjuatorialeB, inistletor^, 872 

Aeration, neeti for, 124 s 


Aerial comdiophores, 

Aerial, hairy root, 47 
potato. 828 
tubers. 880, 835 
Acancacer, 824, 857 
Agarioales, 822 
Agaricus, 410 
Affortctia melleua, 842 
Agropyron, 779 
Agropyron ocxndentaJcy 596 
Agroatemma atthag*it 882 
Agroatta canina, 780 
atoluui/»^TH, 780 

Air relations, improper, 124-125 
Atra boUniea, 780 
ceesTtloaa, 780 
Albinism, 26 
Albinos, 29 

Albuginacece, 414, 415, 452 
Albugo. HI, 408. 417 
Mbugo hi til, 416. 452 
Candida, 38, 39, 416. 432, 438. 436, 437, 
f pv merit- pan durana^, 452 
portuhica, 416, 452 
tragopogorna, 433, 452 
Aldei, black rot, 638 
catkin disease, 517 
leaf blister. 517 
mushroom root rot. 849 
Aleppo fitne, tulierculosis, 38s 
Alfalfa, .Ascoclicta leaf spot, 546 
bacterial root rnt, 3H7 
bacterial stem Night, 3s7 
bacterial ailt, 3S7 
CercoBpora leaf spot , 646 
oroMiii gall, 369 
crow n M art, 4s9 
dodder, MoJ, 802, 863 
large seeded, Kti?, 868 
small seeded, 802, 888 
downy mildeis, 33, 454 
dwarf 314 

leaf spot, 4?. 545 550, 646 , 649 . 

mosaic, 314 

nematode, 898 

Pleoephaerulina spot, 546 

root knot, 89t> 

root rot, 54 

rust, 546 

Stagonospora leaf spot, 546 
stem nematode, tSM 
stem rot, 560 • 

whi^e spot. 123 
wilt, 399. MM) 



MANUAL OF PLANT DISEASES 




AU«lfA. winfcor kiUinc, 163 
ydlow leaf blotoh, 42, 646, 661 
yellow top, 314 
Al|$a, pi algn. 466 
paraeitio apeoiee, 6 
Alkali, 80 

aotintiee aoil organiama 94 
chloroaiB, 93 
compoaition 9^^ 
m ary, 89 90 

prevention, by irrigation 95 
removal, by addition of gypaum 96 
by diking and flooding 95 
by underdrainage 95 
reeiHtaiKetn 94 
riae of 95 
spot 91 

rvmptoms antj efferta 90 
Allodun 1 70 

\.lloi(i;))iynv anemone dl4 
Atmond rrr wn and trunk ranker 450 
trowu gall too t09 t70 
leaf purl 514 

mushroom root rot S45 849 850 
root kn^it 890 
ruat, 767 
yell owe 200 
^ Vlaike ruat 815 

Alteration in habit 40 
in aymmetry 40 
/Iternana, 57, b31, 667, 669 
blight, 672 
Alternarta craasn, 077 
Mactcxdata 114 077 

33 672 073 <*75 6T6 
i%ol<r, 31 

\tternate boat 794 
Mternatiug current 204 
\lteriiation f generaliona in rusts 772 ^ 

\lthei non mfetti ms chloroais, 248 
Alum mum toxicity 97 
Alv'isum 463 
f lub root 46»1 
Amaranth 502 
white mat 452 
Amarvllia m jeaio 114 
im*lanchttr catitiflf nsx^ 354 
esatirn quinie rust 815 
* American brr>wn rot 859 
American rniatietoe, 859 
American Phytopathological Society, 18 
\mencan powdery mildew 584 
American scab potato 375 
Viiieroaporium, 005 

Ammoniacal copper carbonate, for apple mildew 
581 

Arnpelomyrea 070, 671 
Amphispore, 765 

Amygdalin, relation to shot bole, 666 
Amyl acetate, 127 
Anbury, cabbage, 467 
Anomone, alloiophylly, 114 
rmt, m, 816 * 

AnautUula rodieuota, 802 


An«,ular leaf spot, cotton, 328, 387 
cucumber, 386 
tobacco, 387 
Amlin, 203 

stain, tiae with blight disinfectant, 367 
Animal psraeitee, 6 
araohnida, 0 
arthropods, 6 
hexapods, 6 
mammals, 5 
molluaka, 6 
protozoa, 6 
vermes, 6 

Annual growth, definite or determinate 104 
indefinite or indeterminate 104 
Annualism, bienniala 102 
Annuals, frost injur\, 101 
wintt killing 163 
Annulus 847 

i.rtonn chcrimolin 3fi9 

Anther amut 47 
pinks 4) 

Anthoridium pi anthendia 414 416 417 668 
Anth trtrcia imcosa 427 
Ynthocyanin il 157 
Amhoranthum odoratum, oOl 
Anthrarnuse bean 079 681, 684, 687 
black cut rants 544 
cotton 659 
oowpca 087 
cucumber 70f> 
cucurbit 687 700 
< urrants 540-54 5 643 
D tltrhoa spf) (>87 
goosfbtrries 544 
grape 700 
horsi bean f>87 
ja< k bean 087 
lettuce "'07 
muskmeion 700 
poa 687 

PhfAfolua arnli/ohua latt/oliua fi87 

poplar 661 

Rubus 583 

scarlet runner, 687 

squash 33 

sycamore, 000 

tepary bean 687 

ViCia /aba, 687 

Viffna ainPtiata, 087 

wain t OOO 

water melon 70(> 

White Dutch Runner 087 
Ant hraciiose free seed for bean anthracnoee, 
0S9 

Anthuriurn mosaic 314 
Anuraphia pn-aicfr mgrr 277 
Aphanornyees, 413 
Aphanomycea ctadognmua, 449 
cochlioidea, 449 
ruteichea, 449 
rapham, 449 
Apheleaohua, 882 
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AjMenehiiE coeophiluM^ 882, 809 
fragariiBt 882 
olenttw, 882, 800 
riUema-boEt, 882 

Aphid oontrol, for fire blight, 3fi6 
Aphids, 262. 308, 362 
blaok-rot carrierB, 338 
mosaic vectors, 294 
Aphtt fabm^ 300 
rhamni, 296, 300 
Apical leaf roll, potato, 307 
Aptoaporina colhnaii, 46 
A.planobacter, 324, SiT 

Vpothecium, pL aputheoiu, 408, 409, 610, 54S, 
648, 850, 064 
Appendage, 407, 508 
Apple, arsenical injury, 29, 288 
Baldwin spot, 37, 102 
belted fruits, 181 

bitter pit, 37. 102 114, 105, 108. 107 
bitter rot, 40, 56, 059 
black root rot, 000 
black rot. 29, 40, 029, 030. 032, 03S 
black-rot canker, 030 
and leaf spot, 029 
black-rot leaf spot, 031 632 
black-rot mummy, 633 
black spot, 012 
black-spot canker, 45, 501 
black-spot scab, 012 
blister, 103 
blister canker, 000 
blister spot, 385 
blossom Might, 37, 344 
blossom wilt, 529 
biosBoin-end rot, 030 
blotch, J07 
blue mold, 702 
biiie-m<Wd rot, 5S.3 
bf)d.v flight, ,37 
Bordeaux injury, 220 
Bordeaux leaf spot, 031 
Bordeaux spottiiiKi 226 
brown heart, 13H. 222 
brown rot, 57. 527, 528, 533 
buds, winter injury, lt)5 
bull's-eye rot, 501 , 

calyx burning, arsenical, 2.39 
cane blight, 662 
canker, 529. 629 
and fruit rot, 561 
core rot, 527 
cork, 103, 122 
cri^ate, 103, 122 
crown gall. 37, 329. 362, 370 
decay, 583 
dieback, 630 
drought spot, 103, 122 
dry rot, 103, 122 * 

eastern q^iinoe rust, 815 
eastern rust, 815 
European oapker, 45, 650 
fasciation, 51 

fire blight. 37, 45, 323, 328, 345, 354 
fire-blight cankers, 348 * 


Apple, fraesing injury, 177 
frog eye, 630 
frog-eye epAe, 33 
frost curling, leaves, 188 
frost injury, lit 
froat-laoerated leaves, 187 
fruit blight, 37, 847 
fruit pit, 102 
fruit spot, 102, 103, 708 
hairy root, 329, 886 , 370 
hollow, 103 

internal breakdown, 57 

internal browning, 138, 222 

Jonathan freckle, }03 

Jonathan spot, 108 

leaf blight, 37 

leaf scorch, 71 

leaf spot, 620 

leak, 499 

li^e, 102 

little leaf, 38 

little-leaf disease, 167 

malformation, 103, 122 

lueasles, 100 

moldy core, 108 

mosaic, 315 • 

mushroom root rot, 849 
New York apple-tree canker, 630 
mter burning, 74 
Pacific Coast canker. 45, 501 
Pacific Coast rust, 810 
Phytophthora fruit rot, 451 
pin-point scab, 010 
points bruns de la chair, 102 
powdery mildew, 62, 574, 876, 577, 579 
punky disease, 103, 122 
Hhisopus rot, 600 
ripe rot, 659 
rosette, 47 
Hostflecken, 012 
rots, Alternaria, 57 
Hotrytis, 57 
Neofttbrspa, 57 
Penicilliiiiu, 57 
Physalospora, 57 
Sclerotinia, ,57 
rough-bark disease, .52 
rust, 707. 790 HI I, 799, 800. 808 
scab, 42. 52, 012 629, 614, 616, 618 
s/'Bld, 103, 126 131 
common, 188 
common, hard, 120 
s*>P or deep, 126 
scurf, 612 

Heptobasidium canker, 863 
smallpox, 106 
soft rot, 67 
soft scald, 187. 138 
spot necrosis, 103, 122 
stem-end rot, 702 
stigmonoee, 103 
stippen, 102 
Btippflecke, 102 * 

stip^igfleckigkeit, 102 
stippigwerden, 102 
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Apple ■torei^e soeb, 610 
Bulphor eun aoeld. 18S 
•uii>eoalcl ca&ker 193 
•uperfioiel bark osnker 70(> 
auaeeptibility to Bordeaux injury 229 
Vaamaoian black spot 
twig blight 37. 346, 630 
wat^r core, 12J 
weatern ruat. 80-1 
wcK^b atreaka. 101 
York apot. 103, 122 
Apple of Peru earl> blight 677 
Apple-tree anthracnoae apple 5f)l 
pear. 6t»l 

AppreaaoriuTn pi appreaaona ^66 685 78 1 
Approach grafting. IKl 
Apricot, black rot 6 IS 
brown rot, 62>? 511 
California blight. 11 
crown and trunk tanker 45<J 
crown gall. 370 
fire blight 354 
muahronm root r )t S40 
root rot, 659 
ruat, 767 

ahot*holing cold 1 5R 
vellowa 270 
4ruhi« alpina 430 
Arachnidn 5 

Afbor vitec black leaf ap >t 561 
\rgot, 592 
Armillana H24 

Armtfforta mfllea 17 lOS k^, I s4 5 85<1 
baaidia S47 
rhiromorpha S43 6^6 
root r^^t, 54 
aporopht'irea 843. 646 
mtictdu, 830 
root rot 842 

Aroma, eaatern quinoo rust si 5 
Arrhenathrrum elating 570 
AraexucaJ raljx burning 2 19 
Arsenical injury, applrn 238 
Araenioal poisoning fruit 2 IS 

Araenioal aprav rtsidut 19 
Arthropods 5 

Articlv>kc d(viti> nnldcw 451 
' Aacigeroiin truJtw fvfien if 408 
^acocarp, 408, 519 
types 519 

Aacoclivta 54<i 1 70 671 
bhght. peas <>61 
leaf spot alfalfa 54<i 
Agcorhffin chri/i intf rn 7 710 
eirmaitfitTi i 710 
Aaeomyce/t i firrnmt 510 
Aacoapora 590 
AacoEppra hrtjrrinck i <>5S 
Aacospore 401.402.511 597 (>50 
forcible expulM >n 409 *>87 
apple scab li21 
rneatnur bhglit (>51 ^ 
wind disseminati m < f <i52 
Aacua pi aaoi 401 403. 408, 811, 519 868, 868, 
673, 837 


Ash, black rot, 638 

infectioua chloroaia, 266 
rust, 38 

Aaparagua, blanching, 180 
root knot, 896 
rust, 816 
sliine mold 301 
Aspergilla ce» 5b3, 583 
Aspergillus 408 , 408 50 3 583, 666 , 669 
Aapergtllua ficuum 583 
niger, 583 
phtmirta 583 
potato 377 

Asphalt paint fire blight control 357 
Asphyxiation 207 
potatoes, 1 
roots 59 

Aeptdium ajnnuloaum, 517 
Aster. 707 

effecta of high temperature on. 140 
orange rust 767 
stem rot 54 
vellniivB 315 
Aster > 05 , B tie 456 
Aaitrocykti^ rndtcxa 489 
Atomic sulphur, 582 
for apple rust, S09 
Atrophy "17 

Attachment disk nusllctoe 876 
A ucut a ja /Jim ica 292 
Aucuba iniwaic hoij n7 
potato 292 

tomato 121 ^ 

Australian broan ri t li tub 452 
Auto Clous t V pes 7<>7 
Autumnal i jlorati >n ii 157 
Avoend j sun bir tcli 115 
-k/alea galls 853 

Azof ii indica mushroom root rot 850 
slime mold -191 
Arygosporc 490 

B 

Bafillus 124 337 

Hand UK iruy( tt trw* 29 i42 350 151 S4 t 

rtr IB I t ru ^ 
rnmpiafr a J37 
iarotmorus 5 4 IJS JS<» 
rr /? 4SS 
Inthi^ 1 tH'i 
met nil 5(, 
moruinn'* 257 
anlnn ic nrnni -It, 
trnrfi ijfdua Hi 381 , 

Bacteria action on lusts H 2 

avenues of iiilranfc slornsta 338 
nectanrs Ml 
'water pores 441 
wounds 329 
b-'cilluB forms 836 
bat illuB type 424 
CO-CUB 327 
coccus form 324, 338 
general morphology 324 
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JUwteriA, looAtion in tiMue, 331 
loww, 824 

relation to rpot tubercles, 332 
to viruMs, 257 
Bpirillum, 324, 888 , 327 
jiactenaoete,. 326 

liacterial black spot, stone fruits, 33 
llacterial blight, barley, 3K7 
peas. 386 
raspberriee, 886 
Ttacterial canker, tomato, 386 
llacterial collar rot, 843 
Hactenal diseases, 323 388 
diBserainatioii 334 
by fertiluer, 334 

by ins<*ct8 and otluT animal life, 334 
by seed, 334 
number, 324 
types, 327 

UacUTial entrance through wounds, 329 
Hactcrial exudates, 52 
Hacterial guminosis. cherry, 38.5 
sugar ( 'ine. 387 

Kacierial leaf spot, clovi'r, 388 ^ 

Hacterial oose, 348 

Hacterial pocket disease, sugar beets, 387 
Hacterial ring disease, tobacco, 386 
Hacterial root rot, alfalfa, 387 
Hacterial spot, corn, 387 
foxtail, 387 
Johnson grass, 387 
pepper, 386 
sorghum, 387 
KudaiT grass, 367 
tomato, 386 

Hacterial stalk rot, corn, ,387 
UactenaUstein blight, alfalfa, 387 
Hacterial wilt alfalfa, 387 
tobacco 334 
swcc»t corn, 386 
Hacteriurn. 324. 887 
Haclrrium .338 

) n iidioimn .187 
michigdiK , .386 
n^rtaroithiluin , 344 
pru/if, .33 

386 ^ 

tumt/oi trntlf 161 , 366 
HalanophoraceiP, 860 
Haldain spot, 2 
apple. 37, 102 
Hanaiia, blood disease. .185 
bunt by top, 3 1 5 
bunouing IM iioito^h 80,8 
infectious ( hlorosis M5 
in fiiatodi‘, 881 
Handed fruits. 161 
Harberry, bacterial leaf spot, .328 
eradication, 19, 789 • 

chemical, 790 

Japanese, immune to stem rust 700 
relation to stem rust 784 
South .\nnTiciin rust 40 
Harberry Kradie.ation, Ofln-e of. 12 
Bark fungus, sfoin fruits, 658 


Barley. Saotcrial biighi, 387 
blade blight, 387 
covered sxi^t, 759 
dwarf -leaf rust, 774, 794 
ergot, 696 . 601 
lialo-blight, 387 
late blight, 703 
loose smut, 41, 739, 769 
nematode disc'ase, 889 
net blotch. 663. 703 
powdery mildew, 571 
rust, 771 

seedling disease, 853 
spot blotch, 703 
stem rust, 778. 779, 794 
stripe diseaae, 663, 703 
tempe^rature roquircmeiits, 140 
yellow-stripc' rust, 774, 794 , 
yellowing, cold, 156 

Harnyard manure, errc'-t on sand drown, ^2 
on scab, >180 

Barriers f«>r inushrooMi root rot, R.*!! 

Hasal glumerot, ^^h(‘ut, 387 
Hasidioinycetes. 819 
Hasiiioapore 404 , 403. 763. 766. 845 
Hasidium, pi basidia. 402 , 403, 410 , 763, J'66, 847 
Arnnllarm mellea, 847 
Cortirium m{/nm, 834 
development of, 880 
fruits. 664 
typi's 410 

Basswood, black rot, 7.38 

Hast miner, relation to c Instniit-trei' blight, 652 

Bastard toad flax, 859 

Bayer dust, for corn dry rot, 7fK) 

Bean, Adzuki, mosaic. 3i5 

anthracnosc 670 690 681 , 687, 684 
physiological •ctiains of, 688 
blight, 38.5, 679 <>82 
boron iiijur>. 80 
early top, 3)5 
hairy root, 370 
heat inji.rv, 142 
n*ilf bee tic 2.52 

Crrntomn Irifurt ntn, 316 
mosaic 11.5 
pod cankc r, 679 
pod spot 679 

ltlii/o( tooiH diHc .iMi 682, 8,38 

root knot, 89 . 

root rot, 584 

rust <)79. 682 815 

spc-'’k, 679 

sp »t disea.ic, 679 

sun scald 191. 192 

velvet, cold injury 157 

wilt, 399 

Beech, heat canker 142 ^ 

mushroom loot rot, 849 
uniform white- sapwood rot 854 
IWt, blight, 280 

California beet dis«-asc 280 
Crown gall. .169 g 
curl disease 3l5 
CuBy leaf 280 
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Bwt curly top, 280-2S5 181. 287. 31if 
downy mildew 454 
dry heart rot 651 
dry rot 54 
hairy root 280 
leaf hopper 251 281 
leaf spot 661 701 
mosaic 315 

Hlif2octonia disease 8*18 
root knot 806 
root tumor 480 
rust 767 817 
scab 181 

sccdline: disease 853 
wcsti rn blight 280 
whiskered bc-its 280 
llegouia Uaf nematode 882 800 

root knot 896 

« 

Uegmiia lucerna cn wii gall 370 
Bdtecl fruits apple 161 
pear 161 
rbcris 794 

BerberxH tanadenma 700 
/indlerx 790 
Ihunbergti 790 
vulgarrs 770 790 
Berkeley 8 
Bcrlese 10 

Bettendorf mosaic 117 
Betxda alba 218 
Bteunials aiinualism 162 
Big bud miti Eriophyea rtbia 317 
Big root 802 
Bin burnt wh at 882 
Kiologieal forms stem rust 788 
Biolognul Bpfcus black knot 600 
irgot 6(y 

powdi ry mildew 570 
stem rust 779 
white rusts 4 18 

Biologiial strains lousi smut wheat 740 
lihi/oc tuiiia 838 
Birch mushroom root rot S40 
red leaf blister, 517 
witches broom 517 
yellow leaf blister 517 
Bird eherry, 557 
b]ac% knot blO 

fBird dissemination of ehestnut-tree blight 
of mistletoe, 875 
lime, 875 

Birds eye disease, grape 706 
Birds nest fungi 819 821 
Bitten or perforated leaves 10 1 
Bitter pit, 2 

apple, 27. 102 114, 106, 106, 107 
theories as to causes 108 
predisposing factors, 110 
relation to irrigation, 112 
Bitter rot apple, 40, 56 059 
grape, 650 
pear, 659 
quince, 650 
Bittersweet, wart, 484 
Black alkali, 90 


Black arm, cotton, 329 
Black chaff, wheat. 387 
Black ourrants, anthraenose, 544 
Black end, pear, 121 
Black eyee, strawberry, 150 
Black fire, tobacco, 387 
Blaok heart, 163, 168 
pineapple, 701 
potato 37 132 137 18S 
Black henbane early blight, 677 
Blaok knot, 360, 364. 603 612 
cherry, 44 603, 609 
ohokeoherry 604, 607, 609, 610 
currant 658 
gooseberry 658 
grape 3S5 

plum 44 603 605, 600 
quince 370 
Blaok leaf 40 230 

for aphid c >ntrol 356 
Blaok leaf speck crucifers 138 
Black leaf spot arbor vita 561 
Black leg brussels sprouts, 708 
cabbage 708 
oauli^ower 708 
crucilers 708 

potato 54 132 303 328, 386 
Blaok lines 849 

Black locust brooming disease 315 
Black mold and allies 490 503 
onion 683 

Black nightshade early blight 677 
1 u saic 297 
wart 484 

lUack pit LitruH 385 
Black root cotton 706 
lettuie 701 
radish 449 

Black root rot apple 660 
tobacco, 584 
Black rot 627 
alder 638 

aphids and mollusks transmit 33^ 

apple 40 629 i 10 |,32 638 

apricot 638 

ash 638 

basswood, 638 

Hr iHStca chim nHiM 140 

bruBSfls sprouts 340 

labbage 55 328 311 336, 340 

cauli^c wer 32S 117 340 

C hinese cabbage 117 140 

c fillards 340 

crurifeis 335 341 38B 

c^ucurbits 6(>l 

currant (i38 

dieback 63 3 

elder <i38 

grape, 40, t>60 

hawthorn, 6 38 

hop hornbeam 6 38 

hot water treatment f« r 141 

kale 340 

hlao, 638 

iiif\ple, 6 3H 
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Black rot, merourie ohloridfl treatmcat for, 840, 
341 

mulberry, 638 

mustard, 340 

oak, 638 

pear, 620, 638 

pine, 038 

quince, 620, 638 

radiehee. 340 

rape, 340 

rose, 038 

rutabagas, 340 

sanitary nieasuree, 635 

sanitary practicra (or, 340, 341 

seed disinfect lun for, 340 

soil disinfection for, 3 

soil treatment for, 341 

sumac, 638 

sweet potato, 658 

turnips, 340 

uspulun treatment for, 341 
water pore infection, 330 
Black-rot canker. 063 
and leaf spot, 620-641 
apple, 630 

Black leaf spot, apple, 631. 432 
Black mummy, apple, 633 
Black rust. 32, 763. 774, 777 
Black scab, 827, 820 
potato, 376, 479 
Black scurf, 827, 829 
potato, 376 

Black shank, tobacco, 451 
Black smut.^ce, 760 
Black speck, 827, 820 
scab, 827, 829 
Black spot, apple, 012 
clover, 6^7 
elra, 667 
KraB8efl/i32, 658 
larkspur, 388 
plum, 32, 330, 386 
rose, 32. 68(5 

Black-spot canker, apple, 46, 501 
pear, 561 

Black-spot scab, apple, 612 
Black thread, Para rubber, 461 
Black walnut, cyiwn amPtrunk canker, 460 
Black wart, potato, 479 
Blackberry, cane blifcht, 662 
cane galls, 364. 344 
crown gall, 366, 369 
dwarf, 316 
fire blight, 364 
leaf galls, 489 
mushroom root rot. 850 
orange rust, 816 
Rhizopus rot, 490 
short-cycle rust, 812 
yellow-late rust, 818 
Bladder^plums, 30, 41, 617 
Blade blight, barley, 387 
oata, 387 • 

rye, 387 
wheat, 387 


BlakttUa fHspora, 604 
Blanohing, Mparagus, 189 
celery, 189 # 

Blast, oitnu, 386 
cranberry, 600 
rice, 703 

BlattroUkrankheit, 301 
Bleaching powder, for bean anthraonoee, 889 
Bleeding, 27. 62, 238 • 

B15 nielJ5, 882 
Blephsrospora, 416, 461 
BHght, bean, 37 
Caladium, 451 
chestnut, 306, 641-664 
Colocasia, 451 
eggplant, 708 
filberts, 658 
flax, 480 
grape, 439 
hazel, 668 
lilac. 388 
mulberry, 388 
onion, 464 
spinach, 320 
stone fruits, 668, 707 
walnut, 388 
Blight cankers, 3-17 
Blighting of buds, cold, 169 
Blister, apple, 102 
Blister canker, apple, 660 
Blister rust, currant, 767, 812 
gooseberry, 767, 812 
lodge pole pine, 813 
pine, 19, 767, 812 
pinon pine, 813 

Blister Rust Control, OtHce of, 12 
Blister spot, apple, 386 
Blistering, cold, 167 
Blood disease, banana, 386 
Blossom, blast, Hibiscus, 604 
squash, 502 

Blossom, blight, 342, 522, 524 
apple, 344, 345 
peach, 534 
-end rot, apple, 630 

tomato, 56, 114 121, IIB, 117 
watermelon, 66 
infection, smut, 714 
shedding, 101 
wilt, apple, 528 
cherry, 520 
plum, 529 

Blossoms, cold injury, 158. 159 
dropping of, 41, 101 
tomato, 102 
Blotch, apple, 707 
rose, 586 
Blue mold, 400 
apple, 66 , 702 
tobacco, 454 

Blue mold rot, apples, 583 
citrus fruits, 683 
Blueberry, rust, 814 
Blueatem, eastern, raspberry, 819 
Bluestoa^ (see Copper sulphate) . 
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Bluins, western yellow pine. 64116 
Blunt-noeed lenf-hopper. 316 
Body blisht, 342 § 

Boilinff water, lor root knot, 697 
Boll rot, cotton, 504 
BoUey, 18 

Borage, broan leaf rust rye, 794 
Borax, irunry, beana. 86 
«orn, 85, 6C 
citrus, 87 
cotton, 85 
in potash salts, 83 
Bordeaux, burning. 223 

fur apple black rot, 639. 640 
leaf spot, 631 
nuldew, 581 
rust, 809 
scab, 625 

for bean antlfraenosr, 680 
for black knot, 611 
for brown rot, 537 
for cedar rust, 800 
for cherry leaf spot. 558 
lor cork russecing. 223 
for corn smut, 755 
for currant anthrarnoar , 545 
foi^ fire blight. 356 
for grafts, crown gall 171 
for grape, downy mildra . 447 
for leaf curl, 516 
^ hoppers, 148 

for potato, early blight, 678 
late blight, 428 
for arts. 486 
for -^hca^ smut 729 
fnrmui''e, 226 
injury. 221 230 

couditi HIM fttv<»niig 226 
relation to cyanide injury 221 
meteoric moistiiri 227 
paint, for fire-blight eontrol 15 
mushroom r<»ot rot, 851 
pruning ^%oundH H 10 
scald, 221 

spotting, apple If af, 826 
spray injury, *223 
russeting, 22 1 
Horeales, mistletoes 872 
Boron deficiency, 71 
injury, 82-88, 97 
beans. 86 
citrus, 87 
corn, 85 
cotton, 85 
potatoes. 83, 84 
tobacen, h5 

Boston ivy, downy mildew, 447 
Botryodiplodia, 670, 871 
Botryoapb^ria <390, 607 
Botryoaphmria rrbi9, 63< 659 
Bi»t»yosporium 868 , 669 
Botrytis, 188. 497. 498 668, 669 
Batrtftr* etn&rea, 701 
tn/sstan«, 422 
rot. strawberry. 57 


Boirvttt rinerea, vtltcoln, 442 
Box elder, non-infc»ctious ehlorosts, 249 
Braekypodtum aylvaiirum, 598, 601 
Braehysm, cotton, 316 
Branch knot, hackberry, 47 
Bratttca alba, 438 
eampentr^n, 438, 463 
campetiTiB ckinentts, 439 
chtnenaia, black rot, 340 
juncra, 439 
napua. 438, 463 
niffra, 438 

oleraeea, 438, 458, 463 
olerarea botrytis, 438 
rapa, 463 

Breaking, mistletoe, 877 
tulip, 322 

Breeding, and selection, 19 

for resistanc p to chestnut-tree blight, 654 
to late blight, 428 
to wheat smut, 731 
Brefeld 8 

Bremia, 417 418 488 
Bremia lactucce, 417, 4,53 
Bridge* grafting 181,851 
Bridging species 571 
Bnndlo, tobaern, 321 
Brogdex treatment, 1,41 
Bromus 779 

powdery mildew, 570 
stem rust 779 
Bromuif f»rrrtuT 601 
Broom rapt , 5, 860 
braiiclit'd 860 
clo\er, 860 
l.frnp, 860 
tohai ro. 86f) 
liro«»oi-root 164 

•Broom shoots peach ycllf>ws 267 
Brooming disc a<*r black locust 115 
Brown canker rose 660 

Brown-thc‘cked wood rot, deciduous trees, 856 
Brown-felt blight, ot)nifcrH, 662 
pine, 662 

Brown-heart, apple, 222 
apples and jiears, 138 
Brown leaf rust, borage, 794 
rve, 774, 794 
Brown-mottled rot, 8.57 
Brown patch, 8.5,4 
golf links, 853 
Brow<\ rot , 522 5 17 
apple, 57. 527, 528 . 6 ’ 
apricots, 528, 533 
cherries. 528, 533 
entrua, 450 
conifers, 857 
grape, 442 
losses, 527 
.iiicroconidia, 53^) 
nectarines, 533 
peach, 684 , 688 , .52S. 533 
pear. 888 , 528. 533 
pepper, 386 
plum, 528, 533 
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Bfown rot, pom# fruiU, 39 
potato, 386 
prunM, 633 
quinee, 633 
•tone fruitfl, 39 
tobaeeo, 334, 386 
tomato, 386 

Hrown scab, potato, "^76 
Drown ■pot, corn, 476-479, 4Tt 
internal, potato, 132 
Brown stem, 828 
Browning, internal, apple. 138 
Brulure du lin, 489 
Rrunohorstia. 666 
BruseelB Bprouta, blacklec, 708 
black rot, 340 
club root, 468 
moMuc. 316 

B.T.S , lor apple »eab, 626 
Buccal cavity, 8H0 
Huchloi daetyloxdfK, 47 
Buckeye rot, tomato, 460 
Buckskin, cherry, 316 
Buckthorn, cro\i>n rust of oats, 794 
Buckwheat, heat injury, 142 
Bud, injur>, 163, 165 
rot, carnation, 65, 702 
coconut, 56, 388, 451 

Budding or grafting, transmiasion of viroses, 261 
Buffalo grass, smut, 47 
Buffer cells, 804 
Bulb, disease, 883 
nematooe, 898 
rot, lily, 504 
Hullana, 770 
Buira-e>c rot, apple, 561 
Bunchy tup, j^baoa or Manila hemp, 314 
Hanana, 316 
plantain, 319 

Bundle browning, potato, S€ 

Bunt, d«>ckage from, 722 

wheat. 40, 71b, 717, 790. 736 
Bunt ear, wheat. 717 
Buntwerden, 132 

Bureau of Agricultural Kconomics, inspection 'if 
fruits and vegetal^lee in. 12 
Bureau of Flaht Industry, 11 
Burgundy mixture, for apple mildew, 681 
for grape, downy mildew, 447 
Burls. 869 

Burning, leaves, flowers, fruits, 141 
Burning bush, infectious chlorosis, 266, 316 
non-infectious chlorosis, 248 
Burnt ears, wheat. 717 
BurriU. 11, 17 
Burrknot. 367 

Burrowing nematode, banana. 898 
edible ejinna, 898 
sugar cane, 898 
sweet potato. 898 

Buraa. i88 

Bwrta bwEa^poEtoTM, 488 
Buttoa rot. poUto, 188. 470 


Cabbage, anbury, 457 
black leaf speck, 138 
Mackleg. 708 

black rot. 66, 328, 331, 889 . 340 
caterpillars, 296 
Chinese mosaic, 317 
club foot, 467 

club root. 38, 44, 467, 468 , 461 . 463 

clubbing. 457 

clump foot, 457 

finger-and-toe disease. 38, 467 

gros-pied. 467 

internal black spot, 163 

Kohlhernie, 467 

tnaladie digitoire, 467 

inoeaic, 315, 317 

red heart, 138 

seedling disease, 489, 863 

turning sweet, 163 

white rust, 438 

wilt, 704 

yellows. 704 

Cacao, pod rot and canker, 451 
ronoet, 315 

Sunnani wi tehee ’>broom disease, 857 
Cacuneina, 881 

Coeori^ma radietcola, 38. 881, 882, 892, 893, 696 
Cacti, Phytophthora rot, 451 
Cieoma, 764. 771 
Cvofrui df/urntariH, 49 
maktnott 30 
nttens, 812 

Caladium, blight, 461 
CalamaoroEtu €jngno$^ 698 
Calcium, 68, 82 
arsenate, 428 

cyanamide, for clt^b root, 465 
for root knot, 807 
deficiency, tobacco, 71 
pectinate, 69 
polysulphide, 2.33 
sulphide, fur apple scab, 626 
thiosulphate, 233 
Calico, potato, 286 
tobacco, 321 

California, black walnut, crown gall, 370 
California, blight, apricot, 33 
cause of gummoeu, 53 
cherry, 33, 42 
peaoh, 33 

California, holly, fire blight, 354 
California, mistletoe, 872 
Callus enlargements, graft misfits, 463 
CalonecUia, 688 
Calonrctr-M grammteo/a, 666 
Calosphtfrta, 690 ^ 

Caloaphixria prince/>«, 668 
Calyptospora, 769 
Ctdyptoapota columnaria^ 38, 814 
Calyx, burning, amenieal, 239 
spray. 681 ^ 

Camarospoiium, 670, iTl 
Gameiia, ri&ma moldi 391 
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Cancer, relation crown gall, 350 
Cane blight, apple. fiH2 * 

blackberry. 662 
currant, 638, 060 
raspberry. 062 
rose, 662 

Cane aalls. 360. 364 
blackberry, 334 
Cane leaf hopper, 320 
Cane rust, 81 H 
Canker, apple, 529, (>29 
black rot, 633 
brown rot, treatment, 535 
citrus, 385 
flax, 149 

and fruit rot, apple, 561 
pear, 561 , 

hickory, 069 
larcl^ 5f)0 
oak, 660 
pearh, 833 
pear, 620 
poplar, 710 
quince, 620 
whit^ pine, 560 
willow, 710 

Cankerous stage powdery scab, 460 
Cankers. 46. 163 022. 525. 630 
holdover, 45 349 
'Tnitcr sun-seald 45 
Canna, mushroom root rot 850 
CantalouiM* root knot 8% 

C'apilhtijrri 300 303 
Cappanda< ew whitf rusts 4 18 
rapper-Kett ham Act 1 1 

C H])Bid bugs* possible vectors of h af roll 252 
Copstds 295 
Cara. 467 

Carbohydrati < ont( iit k lation to fret ziiig injury, 
155 

Carbon 58 50 

Carbon bisulphich injur\ 222 
Carbon dioxide liberation 124 
relation to apph scald 128 
Carbonate of soda in alkali 90 
CarduacesB, 067 
CarnatiQii, bud rot 55 702 
• fairy mig 703 
leaf mold, 703 
UhiBOctoiiia disease , 8 18 
ring spot. 70.1 

rosette or witchrs broom 365 
rust, 815 
Carpinus, 605 
Carrion fungiis, 822 
Carrot, downy mildew, 453 
mushroom root rot, 850 
llhisovtoma discMo, 838 
root knot. 896 
soft rot, 328. 386 
vegetable rot, 504 
yellows, 315 
Coriw ovata, 653 
Caryophyllacen, 767 
Cassava, mosaic, 316 


CoEEia tommtoga, 43 
Cassytha, Sho 
CoMytha flit/ormts, 859 
CasianM erenata, 643 
dentata, 652 
moUitstnui, 642 
pumtia, 652 
Castanopsis, 652 
Castilleja-pine, rust, 813 
Castor bean, crown gall teratomas, 365 
gray mold, 560 
seedling and leaf blight, 451 
Catalpa, root knot, 896 
yellowish wood rot, 856 
Catch plants for SC)t 218 
for rootrknot control, 896 
Catkin disease, alder, 517 
Cat-tail fungus, grasses, 667 
Cauliflower, black-leaf speck, 138 
blackleg, 708 
black rot, 328, 337, 340 
club root, 463 
mosaic^ 317 
nng rot, 661 
spot, 386 
teratomas, 376 
white rust, 4.38 

Caubflower disease, potato, 479, 480 
8tiawb<rry. 882 
Ceeidology, fii Id of 43 
Cidar apphs, 767 706 801, 808 
red cedar, 44 

Codars, destruction for apple rust^onlrol 809 
galls, 796, 801, 808 
flowers, 796 
local option 810 
muBhroom root rot, 846 
rust, 44 767 796. fOl 
wild c rab, 808 
witches* broom, 816 
Olery blanching, 180 
drop, 560 
mosaic, 316 
root knot, 896 
yellows, 316 
Cell sap, acidity, 199 
Ceiosia criataUi 51 
CeltiB orndrntnln, 47 
Cement dust 124 
injury, 201 

Cenangiac esc 520, 561 
Cenangium, 520 
(^enangtum nhiftta 561 
Cephalosporium 333, 660 
Cephalotheeium, 333 , 660 
Ceratiomyxa, 390 

Ceratoma tnfiireata bean leaf beetle, 316 
Ceratophorum, 660 * 

Ceratostoinella, 590 
Crratoatomella fimbnatu, 658 
paradojra, 658, 701 
pihfttra, 658 

Cercoepora. 405, 337, 669 
lea^spot, alfalfa, 546 
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CEreoBpora 703 

concur $, m 
mcdtcagtnte, 646 
CerooAporella, 6 € 6 , 660 
Cereal and grass nematode, 881 
Cereal Crops and Diseases, Office of, 12 
Cereals, acidity injury, 81 
Dilophospora disease, 889 
loot disease, 067 
lodging, 191 196 
mottling, 71 
powdery mildew, 586 
scab. 667 

seedling blight, 666, 667 
smut fungi, 712 
snoa mold, 656 
stem rust 771 

tabular companaun of rusts 794 
Ortified seed, for leaf roll, Jll 
Chanomelea laffenaria, ,154 
CliBBtodiiilodia 070 671 
Chard leaf spot 701 
( hfirauihu6 rheiri 4.18 
Cheinif al tradii atioi) barberry 790 * 

Chemical front damage pn v< ntinii 162 

Cherry bai nal gumniosiB 385 
blafk knot 44 601 bOG 
bloBBoni Hilt 529 
brown rot 528 ,511 
buikskin IK) 

C’alifornia blight J-l 42 

crown and tiunk ranker, 460 

curl 5ia 

hrt bligbt 354 

fruit lot ,529 

guinmosin lb 4 

leaf blight ,5.5] 

leaf lui] 47 

hafBpot 5.51 ,559 602,004 
1( ak. 499 
iiiildc H 585 

iiiUHli'-oiiiii r(n»t rut 849 

powdiFN inildi H 00,579 

reduction in hui by Kordiuux, 226 

riK)t km)t 89t) 

root rot 659 

rrun ttc *^77^ • 

mat 767 

shothoh 34, 551 

Hhotholing cold 158 

Bum c ptibilitv to Korde,iMx injury 22(f 

trunk rot 85b 

H lie Inn broom 47 517 

V4 How l< af, .55 1 

yilloHB ,5,51 

Chestnut, blight, l9(i (i41 <i54 
aocefipores, expulFuon i>.5l 
loBBea, (>4t» ^ 

Jiindotliea canker, 45, «»41 054, 644 
giaift rnisttetcfc, 859 
ink disease, 45] 
leaf spot, 86 
inushrcMini roc>t rot, 349 
Btrumella disease, 704 
Cliestmit-tree blight, 19 


Chicory, 218 
Chilean doddpr. HA2 
Chillies, 502 

Chmeee cabbage, black rot, 337, 340 
mosaic, 317 

Chinquapin, eastern, 652 
western, 052 

Chlam>dnbactenales, 32b 
Chlam> dosporea, 400, 408 , 4(K), 5tl3, 664, 712 
Chlorosis. 26. 28, 77. SI 
alkali, 93 
causes, 7b 
cold, 160, 167 
eomferous seedlings, 77 
frenching, bl 
fruit oi nut plants, 77 
grapes, 70 

horticultural varieties of, 24ff 

infectious, bl, 2i>2 205 

lime, 75 

manganese, 76 

non infectious 248, 202 

pineapple, 7b, 78 

potash hunger, bl 

prexention, 7S 

sand drown, t>l 

sugar canc, 7() 

trees, 179 

typos, 70 

Choanephora, 491, 604 
Choanephora cucuthitaram, 602, 608 
infuntiibuhft ra, 604 
ptrsicana, 604 
Chokecherncs, 553 
black knot, 004, 007, (M)9 010 
leaf curl, 39 ^ 

ChryHantht mum frutrHCtnn, crciwn gall, 361 
leal nematode, 882, 89<) 
ray bligiit, 710 
rubt, SK) 
yellows, 3 It) 

C’hrysoiiiyxa 7b9, S13 
Chrut>*on(tja (ilnttin, 813 
(’hiysophlvctiH, 481 
C’hupp, 16, 17 
Chytrid 413 

diseasee, 455 4()(i 
Chytrjdiales, 41 1, 465, 477 
Chytrids, 459, 471, 489 
('icwiula vtxnotata, 262, 316 
Ctehtiriuvi int\fbu8, 218 
Cilia, 401 

C'liieiana root knot, 89(i 
C'ltratc, ferrous and feme, fi>r chlorosis, 70 
C'ltioii, Kettendorf mosaic, 317 
Citrus, Australian brown revf, 4.52 
black pit, ,385 
blast, 385 
blue mold rot, 581 
boron injury, 87 
brown rot, 450 
canker, 19, 386 

Canker l^radicatibn, Office of, l2 
ehkiroeis, 77 
diplodiH disease, 710 
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Ci trail, dialiUnto injury, 230 
foot rot, 460 
gummo«i«, 460 
knot, 710 

mal di Oomma, 461 
melanoM, 700 

mushroom root rot, 846, 860 
nematode, 881, 808 
rots. Alternaria. 57 
PhomopsiB, 67 
Pythiaoya^is, 67 
Sclerotinia, 57 
scab, 52. 700 
stem-end rot, 709 
wither tip, 706 
C'ladochytriaoesB. 456 
Cladosponum. 127, 667,860 
ClddoMponum carpophtlum, 703 
citri, 706 
fulvuK 32, 702 
Clamp onnnectiozis, 816 , 820 
Classification of fungi imperfeeti, 6(i4-672 
of H 3 anenomyoetes. 822 
of nemas, 881 
of powdery mildew, 572 
of PyVenomycetes, 588 
^ of rusts, 767 
Clasterosporium, 667 , 660 
Clavaria, 410 
Cl^yariaoesB, 822, 853 
Clavioeps, 688 
Clttiiicepa microerphalat 601 
posTMi/), 507 

purpurea, 502, 667 , 508, 601 
Clay soils, relation to borax injury, 87 
Clean seed, for cereal nematode, 890 
for stinking smut, 720 
Cleistothecium, 407 
Cleistotheoopsis, 564 
CleiNtoUiecoptis cireinans, 584 
Clematis, leaf spot, 710 
root knot, 896 
stem rot, 710 
Clements, 15 
Clitoeybe parantica, 842 
Cloque du p6cher, 507 
Clover, bacterial leaf spot, 388 
.j black spot, 657 
broom rape. 860 
dodder. 861, 862, 868 
downy mildew, 454 
leaf spot, 063 
mosaic, 316 
powdery mildew, 584 
root knot, 806 
rust, 815 

Spumaria idbat 301 
stem nematode, *881 
item rot, 660 
wilt. 300, 560 
yeltowe, 316 
Club foot, cabbage, 457 
Club root, alyvsum, 463 
brateels eproute, 463 
cabbage, 38, 44, 457, 418 , 481 , 463 


Chib root, oaloium oyanainide lor, 466 
oauliflower, 468 
corrosive sublimate fm*, 465 
crop rotation, 465 
oruoffers, 457 
drainage for, 465 
lime for, 465 
mustards, 463 
pepper grass, 463 
radish, 463 
rape, 463 
rutabaga, 463 
resistance to, 463 
sanitary practice for, 464 
soil sterilisation for. 464 
turnip. 44. 463 
usped^n for, 465 
washing soda for. 465 
Clubbing, cabbage. 457 
Clump foot, cabbage, 457 
Cluster cup. 406 , 406, 763, 778, 781 , 700 , 800 
Coal tar, for mistletoe, 878 
for pruning wounds. 630 
Coarse otjh, tobacco, 321 
Coccomyc<«. 33, 551, 556, 557 
Coccomyces hiemalts, 42, 553. 554, 188 
lutesrena, 553 
prunophara, 557, 561 
Coccus, bacteria, 327 
Cockle, 882 
B«M^. 884 

Cockscomb, fus'-iation, 51 
Cf>coa, downy mildew, 452 
pod rot and canker. 451 
Coconut, bud rot. 55, 388 
red ring, 882, 899 
rot disease, 882 
CcLnocytic gamete. 490 
CofftM-, downy mildew, 452 
phlo6m necrosis, 316 
rust, 815 

Cold, blistering, 157 
chlorosis, 166. 167 
general necrosis, 157 
injury, harvested crops, 163 
localised, 157 

resistance, variation in. 154 
rigor, 130 
wilting, 157 

Coloosporiacee, 769, 812 
Colooepc 'lum, 760, 812 
Ccieoaporium aolidaoiniat 767, 812 
Coleus, root knot, 896 
Cidlar, 494 

Collar blight, 342. :»40 
Collar fungus, potato, 8^16 
Collar rot. 37, 163 
cankers. 166 
winter injury, 843 
CoUards, blaclc rot, 340 
OoDetotriefaum, 668, 670 
C'oUeiofrickum cireinans, 564 
, ^aoapkoriouUwj 706 
goayypii, 660 
Jag«morium, 33, 687, 706 
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CatleMrirhum ctrananst hndmnvtkutnum^ 67f , 683, 

664 

hni 149 

rolloHlal fiulplkur for npplc aciib 626 
CoQoida relation to freexinf injury, 166 
ColocMta blight 461 
( olumella 491 
Cornea* 10 17 
Commandra 869 
Coramandra pine ruat 813 
ComrD»*liua moaeir 316 
Common dodder 862 
Common puff balls 821 
Common salt for barhcrr) rradirsiion 790 
e0ect on sand drown 62 
f omnon amut corn 74 *> 7iT, 748 
Comifl 1 whitr wood rot dtciduoua tnta 85J 
CoTimunjt'y trtAting plants 74'i 
Comj* » plants 189 
( ompUicrit complrt ^ 49 1 
Ocuposito powdery mddev 
Comptoma-pme ruat 8n 
C oncba 66 
( omdial tufts 'I'Q 

Lomdiophores 401 406, 4^ > 438. 443. 46S. 602 
60S. 619 64S, 887. 807. 819 
aenal 404 
t>pes of 408, 567 

< otudium pi eonidia 401 40« 4 ^ 4^4 468, 

448, 84S, 819,661 
( :>iiifrr ueatilliiga chloDaia 7” 

( omforoua *iriibei ret 
sn tl € n flisf 

< MOnuatrffa rerin )*iia 
uifira ht vn feb Higl t 66- 
binwT r ^ 

I enwtf s d*v re t bVT 

r d brown r )ot it <l butt rot 856 

r d h»*art rot *^65 

r> t rot 560 

V h fe f U lligli to*, 

wli tf ^pijt 1*^ 

< 01 >pt orA 82 

( f)v '^h nn rr^bfU 819, 86^ 

C om>8p 1 um 467, d09 
Coiiolhti ur » 447 (>60 ^ 

< onothynuin 6if> 471 

( ontaihy*^it nijiukeht 66 ? 
i'*onjugaiioti 403 455 
(, ontai t lUBcrticidfS xiijur^, from 2 fO 
Contagiurr vi\uin tljidum 218 ^58 
Control pract new injunts (roin 2-1 ^17 
(ook M 1 15 18 

Copper ammonium sulphate f i»r siiiul 7 JO 
CoppcT-STsenip duac f r late blight potato 428 
Copper carbonate 246 
dust advantages of 730 
for smut 729 s 

lor wheat smut 20 

Copperdlfhe dust for late blight potato, 429 
Copper oxychloride for amut 729 
Copper sulphate \bp for erown gall 171 
injury 221 
for scab 382 
9 Sfd injury. 942 


Copper sulph^ smut, 729 
spraying for loaf outi, 614 
Copulation 612 
Coral fungi 419, 822 
spot, currant 666 
wood species, 656 
Cordl y 18 
Cordyeeps 688 
Cordycep» mxlilart^ 567 
Core rot apple 627 
Coremium pi coronua 404 408, 668 
CoreopsiB yellows J16 
Cork apple 10 J 111 
ruBSflting 22 J 
Corky end potato 467 
corky seen potato J75-Jb4 ill 467 
I orn bacterial spot JS7 • 

bacterial stalk rot J87 
borax injury 84 
boron injurv 86 
brown ap<t 475 479 478 
( r mmon smut 746 747,748 
Diplodia disease 691 700 
downy mildtw 452 46' 
dry rot 5/ OWl 498 
(Ar rot 691 

hf ad smut JO 48, 49, 60 74*: 760 
krriiH smut 745 
meanl a 476 
m ‘flew 691 
II old 69' 
mosaic 216 
cratnpt J16 

Philippine dow ny nuldi w 462 
Fbyaodern a 47 V 479 
pox 476 

purple b 1 eath spot 694 

Pythiuni aiedliiig bhgl * 450 

Rhisopus rot 500 

root atalk and (ri' h I 667 

rot 691 

rust 76/ 81 

smut 43 

genninatiin of apor^R 780 
heterothallu 763 
mu ta 'ions 754 
rtonpoisonoua 754 
physiological strains, 754 
streak or \ariegaUon 3Ib 
temperature requirement 140 
Pnrriug aJba 265 

or/entro nri*'i/otum c/«i/nn«, 2<16 
( orrt sive sublimate cold 839 
f >r club root 4b.5 
for scab, 382 383 
hot 839 
injury^ 221 
C orticium, 410, 822 
potato, iSt 

Cifrtunum MHAum, 376, 827, 834, 863 
baaidiospores, S84 
bas{dium,J84 9 
CorlHtum voifum var sofant, 828 
Coryneum, #98, 670 
Corvr»fum bcijertntktt, 33, 33, 707 
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Oottmos, y«llo«s» 310 

Cotton, 502 

Aoromonia or orMy top, 810 

angular )eaf spot, 328, 387 

anthracnoae, 069 

black arm. 329 

black root, 706 

boll r^t* 604 

boron injury, 85 

brarhysm. 316 

cold injury, 167 

crown gall, 369 

cyrtoaia, 310 

hybnaic. 31b 

leaf curl. 316 

nematode, 881 

riMit knot, 89b 

root nematode, 198 

aheddiiiic bolls, 42 102 

nore eiin, 36 , 837 

fltenoem, 31b 

Texae root rut, 54, 701 

tomofliH, 31U 

\Mlt, 705 

Cotton ball, craiibrrrv , 5<i0 
Cotit>niKml meal, cfTi r( no sand <lro\Kn. b2 
C otioiiv leak, cueuni'ier, 450 
' CVitlony rot lemon, 6l>0 
Court nou^, Rrupe 117 
Cc»ver crop, alTi»ct on alkali, 05 
Covered <»r kernel ain»( <»Bt« 763 
C'overod smut, barle> 769 
Cow wheat, 850 
Cowpeae, anthracnoiH, bh7 
cold injury 167 
hM.t injury, 141, 142 
inoaaic, 2(f7, 31b 
r<Kvi knot, 89o 
nun burn, 102 
Crab, wild, cedar runt, 8<1H 
CratMipple, hre bliffht 354, 355 
Cracking, fruitn, chernew HXl 
pliimn, 100 
tnmaUiea 100 
root crofM, 100 
Craiae. 20 

Cranberry, biaet, 6f{0 
cr>tton ball, 6t)0 
early rot, tiOO 
end rot, 709 
falea bloMom, 316 
iPiH. 489 
Rail dineane 4 4 
hard rot and tip bhaht 660 
Maanachunet In falne blnsnom, H5J 
red leaf. 863 
roee bloom, .30, 410, 852 
rot. Ii59 

Cratnricufl, 364. 4i23 
Oeonote for miatJetoe. 870 
Crane, white runt. 435 
Cnnkle. apple. 103, 122 
moMOC, iteraniiitn. 717 
potato, 291 
potato 290 291 


Crinkle A, potato, 291 
Cnnklint, leaves, 50 
Crooue, moeato, 818 
Cronartiaoe^, 709, 770, 812 
Cronartium, 789 
Cronarttum cerebrum, 818 
Karkneem, 813 
oeeuienteUe, 813 
pyrt/orme, 813 
nbteola, 812 

Crop rotation, for brown spot, oorn, 478 
for club root, 4b5 
for Khieoetonia, 830 
for root knf>t, 89b 
for scab, 382 
for BtinkinR amul 729 
for wheat nematode, 801 
Crotcit cankera, l{>b 

Cr/mn and trunk ranker, almond. 460 
apricot, 450 
black walnut, 450 
cherrt , 460 
fruit trees, 460 
peach, t50 
jiear, 450 
pltim, 450 
prune, 4W 

eVown Rail, 44, 3l»0-776 
alfalfa 169 

alinondn. 3b9. 370 
appft, 47 302, 470 
apru ot, 370 
beet 44 v9 

Hufonm luct rita 370 
blackbernen, I6t», 34>9 
C'ahforrna black walnut, 370 
i upper nulphatf dip for, 371 
otton. 409 
curradt#) 4(3) 

Imglinh walnu4, 370 
fruit treen, 429 
Rfwier bernrn, 469 
Rrapen, 3b4», 44*9 , 470 
hard, 4ii3 
liop, 44»9 

life cvcie of bacteria, 3tiD 
loRanberrien 469 
M 3 robalan, .470 
Pane daiey, 3bl 
parsnip, 360 
peanhr^, 3b4i, 470 
pecann, 309 
plumn, 306 
proof of oaune, 15 
7*ru«un rnrnhmnna, 370 
tiomesttca, 370 
i/ict/olia, 370 
tfuntitia, 370 
pumxla, 370 
raapberriee, dOti, 369 
relation to animal cancer, 300 
rhubarb, 370 
roees, 383 

kuntfX rrtei ««. 370 
Milkify. 369 







Crown gilt aoHt ft68 
tobneoo, S70 
tomntOi >70 
tnrnipi 009 
wnlnuts, 360, 370 
Grown knot, 860 
or ooUnr rot. 168 
Crown rot, 87, 842 
rhubarb, 451 
iren, 179 
winter injury, 238 
Grown rust, buckthorn, 794 
oats, 771, 774, 794. 810 
Crown wart, alfalfa. 480 
Crucifers, white rust. 438 
Crucifers. 463 
blackleg. 708 
black rot 335>341.a89 
aphids and niolluaks, transmit, 338 
club root, 457 
downy mildew, 454 
mosaic, 316 

white rust. 38. 30. 432-430 
Crustaceans, 5 
CryptoBporolla, 500 
Cryptouporrlia anotnala 658 
vttiroUi, 668 

Cryptoaporiuin. 668 , 670 
Cryptostietis. 670, 671 
Cucumber, 602 
angular leaf spot. 386 
anthraonose, 706 
beetle. 052. 334 
cottony It'ak, 450 
downy mildew . 453 
mosaic. 317 

mottled-leaf musaie, 317 
nubbin, 317 
root gnot, 806 
seedlings, heat injury 142 
SpMmana alba, 391 
vegctablt rot. !»04 
viruses, tobario, 121 
wart diseasi .317 
white pH kli ^17 
wilt, 386 

follow iiig ^aht d< H III y 188 

CucutniH MtitivuH, 50 J 
Cuiurbit, aiithra* nosi fi'^T 7(81 
black rot. 661 

downy mild* w 11 4.*) i 571 
Myt*wplia'ri 11a mil 661 
powd(*ry iiuldt w 5N'i 
wUt, .36, .127 186 
Cucurbita, 140 

Cultivation, efTnIn ini alkali 05 
for 1 ontrol of * In rr> -h nf spot .1.58 
Cultural pruitm-B. for powj. r> inihli w 5bl 
for scab, 382 
sinuf. 730 

Culturia sour 1 1 of ioiiiiih ri ml • rvof 600 
Cup fui.«i 408: 516 661 
and Miles 5W 517 
tlisiwst's. 560 
Cup shake, 167 


Ouroidie. relation to brown rot. 536. 587 
Curing, sweft potatoes. 497 
Curl, disease, beet, 316 
spinach, 330 
oaks, 518 
peach. 507 
potato. 301 
tobacco. 321 

Curling, of leaf Idades, low temperature, 157 
of leaves, 60 

Curly dwarf, potato, 37. 50. ^1 
Curly leaf, papaw. 318 
peach, 507 
Curly top, bean, 316 

beet. 280-285. IBS, 287, 315 
hoets, cultivated, 283 
wild, 284 
squash. 320 
sugar beet. 320 
symptomlesB earners, 284 
Currants, anthracnose. 540^ 545, 548 
black knot. 658 
black rot. 638 
blister rust, 757, 813 
cane blight, 638. 650 
coral spot, 656 
crown gall, 360 
leaf blight, 541 
leaf spot, 641. 661 
reversion or nettlehead, 317 
llhiiopus rol, 490 
Curvaiuri'S, helioirupic, 386 
Cusouta 5, 850 
CuscufM arvrnsis, 862, 646 
epthnurn, 862, 668 
eptthj/mum 862, 867, 848 
pronovn, 862, 646 
tTuleeora, 862, 848 
penLif/ona, 862 
plant flora 862, 848 
raettnoM rhibano 862 

CuBcutaeew 859 
Cuttings, daniping-o6, 837 
Cyanaiuid injury, 222 
Cyaiiid* fumigation, grei nhousrs. 221 
Cyi*I<KMmiuin 447, 60'* 

Cylmdroeladiuin, 660 
Cylindrosponuin, 553 184, 555, 448, 670 
CyliPtdroHpttrium jMidf, 553 
pornt, 708 
Cymiings 502 

CVpriptHliuin, leaf m inaindt . 809 
Cyrtosis. eottoii. .116 
Cystidiuin, pi e>Btidia 410, 821 
coudtduH 4.15 « 

("ysts or ps< udofriK tihi ntiiim tin blight*. .153 

hpiHtritdin* 860 

Cyintit* kir<iuiutt 264 
Cytoplasm, S04 

CyiiMijHira, 164, .'Mil %46, 670. 471 
710 

Cvtiisport Ua 6JU. 47l 
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< mtwAiC, 317 

yelJov. siftpc or fr»y cluiPMe« 317 
bhtbt, 0(M 
licjLt injury. 141 

%nd dwarf or atunt, 317 
ruuahiKMir ntyt rot, 850 
root knot, 86C 
wbuf amut 781 
l-exf'y rrown gall 354 
440, 837 
cu^ttnge 83’’' 
borbacfou» 35 
onioua, 8?7 
st^dlinRfi .0 853 
bcplr 450 
narJaca, 370 «71* 

Drrt.oli-Sm th .»0 
DuahetA, root Vo«jt 836 
l>aayncy]jba .^0 
l^n^l/grypha t tlynnn >60 
fu^i^-annOHinfn =>60 
Dato palm rrxit knot SOC 

of aecdiitg 'ftfct on jtPow b*»rij 66 
anmt,*581 

Datura, leaf apot 677 
Dead-arm diaebnc grape 058 
Dead heade b(cta 281 
De|kMry. Anton, 7, %f 17 
Decay, apidr, 583 

Deciduous tree*, btown oh«'cked wood rot, 856 
common ahite wood rot >55 
sap rot, 856 
bohiaophylluro rot 85*^ 
white butt rot 855 
whit# rot ^856 

wLiic-strcaked eapwood rot 857 
yellowish wood ro( 856 
Deep scab potato, 375 
iVAcieacies, of food matcnala 58 
Dcbcient elements 50 
Dereoeration die(a««e potato 266 
Dilacroix, 10 

lJ>eiuatiaee«B 665, 667. 660 
l^mdrophayua glohonva, 18, 3i>! 

I^csert mistletoe. 863 

yeatruc/ton of cedars, apple-rust control, 808 

Devil 8 suts, 861 

DevU 8 hair, 861 

Ilftvtl’s ringlet 861 

Diabrotica, 334 

Diagnoeie, illumiDating gas injury, 207 
Diaporthe. 590, 04b 
Diapotthf baUUi*t 600 
otn, 709 
paraaituet 642 . 
r Haatolttrum, 669' 
taUola, 660 
umbrinot 600 
Dtbgtryon fMr6mt«mw 006 
Diottoma* Ao 
Dtemoima anomaium, 794 
aspsPl/<d«^ 704 
sf es so tod t s , 704 


Dirwomo ane«Ho/t»si 4 fflumarum, 704 
poeu/t/orwr, 774, 770, 704 
rAomm, 794 
Didymana, MO, 660 
tMymMa applanatOt 061 
Didymelhaa, 500 
D%dinneU\na indts, 661 
mocrosporo, 601 
Didymium, 391 

Didymttt.w. anrefug, lettuce, 301 
Didymo^phieiia, 591 
Dtdj/vutapfueria poputmOt 002 
Didymosponusn, 668 , 670 
iXebaclr, 75. 99, 163, 164 
apple. 630 

caused hy potash hunger, 08 
c*trub 76 
plant i>58 
plum, 058 
poplar, 662 
stone fruits, 658 
woody epeoies, 65n 
Viloph apora alo-pt^eun, 889 
disc ase.'^cereals. SS9 
Diplucarj on, 564 
I>ip or i^pcm rarhiina 580 
Tt f/r, 32, 58b 

Dipl< dm, 636, 670, 6T1, 607 
diseaec, citrus, 710 
(w.*p 091-700 
Dipiodxa mncfif^pora, f')i 
nalrU^nai^t 710 
^/«T 57 691. 69*. ME 098 
TnpliKbna, oro, 671 
r>>TCct currents, 204 
Difccolj Htion or ebange of color 20, 28 
Diseomycetes, 519, 587, 664 
Classification 520 
Disease, defijoiiion of, 1 
loeabzed, t 
systemic 1 
vascular, 827 

DtatichliH aptcaia^ 707, 771 
IbstiUates, injur j from 239 
Distributive hyphw, 511 
Doddei, 5 

alfalfa, 861, 862, 863 
Amerieau, 862 
Chilean, 862 
elover, 861, 862, 668 
oomm^'p, 862 
eradication, 870 
field, 8fi2, 888 
flax, 8C1, 862 

large seeded, alfalfa, 802 , 868 
life cycle of, 864 
or love vine, SOI 872 
removal of, 8b© 
seed of, 866 
seed testing for, 860 
small seeded, alfalfa, 8b2. 888 
Dodon^a, spike disease, 317 ^ 

^ vw<vid, black rot, 638 
iDieoit,>uJ 1. ^'"''-4-, 265 

Didxehoa spp., anthraenese, OBI 
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DaloiaiMe cffMt oa «uu| drow«« es 

Domiie*, frukom, 10 
IMhiobisa, 665 
DothiehtM poptUea^ 911 
Dothiddla. 569 
Di4Aui€aa ulm, 657 
DothidiiMM«> 589, 057 
DothiduUes, 569, 657 
DoUiiorelU, 670, Stl 
l>ouglM fir, piatletoe, 850 
ntodla blight, 561 

nowny milder, 405. 413, 417, 434, 664 
alfalfa, 31. 33,. 454 
and allien. 413-464 
artichoke, 453 
beet, 454 
Boaton ivy, 447 
carrot, 453 
elover, 454 
cocoa, 452 
coffee, 452 
corn, 452, 453 
crucifers, 454 
cucumber, 453 
cucurbits, 31 453 
grape. 31. 33. 439-440, 441, 4U 
hops, 453 
lettuce, 31 451 
lima bean, 451 
melon, 453 
millet, 45? 
upturn poppy, 454 
pan8> , 454 
parsley? 453 
parsnip, 453 
pea. 454 
pumpkin, 453 
rice, 452 
rose, 454 

Saceluxrum apurianeum, 452 
squash, 453 
sugar cane. 452 
Bunfloi^er 453 
teosinte 452 
umbeUifer, 453 
violet, 464 
wheat, 452 
woodbine, il47 
Drainage, for club root, 465 
Dried blood, effect on sand drown, 62 
Diop, celery 500 
lettuce, 560 
Dropping. bloMoins 41 
fruits, 41 
leavea, 41 
twigs, 41 
Dropey, 43 
corn, 475 

Drought injury, iAcreasc<f by Bordeaux, 226 
Droigtht spot, apple, 103, 122 
prune, 122 

Dry heart rot, beet, 661 

Dry-mix sulphur lime, for black rot, 537 

pry nng rot, sweet potau>i 494 


m 

Dr> rot, 53 
apple, 10^ 122 
corn, 57. 691. MI 
potato, 422 
late blight, 55 
sweet potato, 660 
Dryopteria aerorixehatHta, 517 
Ouggar, 15, 16 
Durum a beat, 727 
Duet, for ourrani anihrarnose 545 
injury, 201 

Dusting for apple powdery nild^ a 582 
for apple scab 624 
for apple rust 800 
for brown rot 538 5 i7 
for '♦herry leaf <pot 568 
*or currant anthrai nosi 545 
for grape downy nuldea 44^ 
for grap« powdery nnldea 448 
for late blight p€>tato 429 
for wheat stem rust 789 
substitute for spraying 18 
sulphur 682 

for apple sisb 625 
Dwarf slfslfs 314 
Dwarf blackberry 315 
Dwarf leaf rust barley 774 794 
Dwarf loganberr> 818 
Dwarf mistletoe 47 859 878 
Dwarf strawberry, 899 
Dwarfing 17 

£ 

Far rot corn 691 
Earlca 770 
Karlea « pen mo 818 
Early blight 676 
apph of Peru 677 
black h« nbanc 677 
black nightshadi 677 
eggplant 677 
henbane 677 
Hj/ocyamttx ttwtr 677 
aibus 677 
Jimeon weed 677 
Nxeandra phyaalonit* 677 
physi (logical strainn 677 
potato ii 672 678 
Solanum niyrum vr 677 

tomato 677 
wondcrbirr} 677 
Early < uiting for ergt t 602 
Early modern car 7 

contribution of otlu r fori ten t ountrim 10 
place of Of rniany m 8 
Eariy plowing effrit on yiHow bf rry 67 
Early rot cianb»rry 660 ^ 

Earth stars 819 821 • 

Farthworins agtnts in spread of club rmit 463 
hastern gall rust pine 818 
r astern quiiic c rust \iitf lanelin r 81 5 
apple. 815 
Aroma, 815 
qiliiiee 815 
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nwt. SU 
pe«r« Sift 

BohjaodoDUvtm, §23 
t9^nod0tUmm hruioftumt 854 
Eootsrpci* 108 

EdiUfl MAna, burrowins nematoda, 808 
£€iwonna» 6 
diMaM, 38, 802 
polatb, 182 
Em eefl. 418, 488 
EMplaat, bhcht. 700 
brown rot, 327 
f$aiiy blight, 877 
Iruit rot, Rhiaootonia. 838 
Ute blight. 427 
mooaic, 317 

RhUoetonia disease, 838 
root knot, 898 
vegetable rot, 504* 

Einkom, 727 
stem n-at. 770, 704 
£iaeiifloekigk«it, 132, 287 
Elaien, 390 
Eldor, black rot, 038 

Elderberry golden, non-tnfectioue ohloroeis, 248 
Electrical injunes. 203 
Elements, Vhemica], eseential, 58 
.deficient, 50 
uaea of, 58, 50 
Elm, black apot, 857 

goldm-leaved, non«infeot)oua chloroais, 249 
illuminating gas injury, 808 
leaf cpot, 80, 880 
root knot, 890 
ElMxnm afn|>eltna, 708 
venala, 708 
Elymua, 770 . 

Elymua canadenaxs, 594 
item mat, 770 
vtriTfntcva aubmxUtrua, 595 
Kramer, 727 
nematode diaeaae, 889 
stem mat, 779, 794 
ydlow-etnpe ruat, 794 
Bmpoaaea malx, 147 
Smpuna mitacte, 491 
End rot, cranberry, 700 
Endomyce^ 408 
End*»phylUc<^, 768 770, 811 
Endophyllum, 769 
KndophyUum ram/jrrr'vi, 40, 811 
Kndoaporangium, 478 
KndoaporesB, 391 
Kndoeporca. 326 563 
Endotbia, 500, 642 
canker, 45. 641 854 844 
JSndatkxa paraaxtira, 45. 841, 844, 646 
oaka, 853 

Kndoxeroaig, lemon, f22 
Engliah rye graaa, ergot, 801 
En^iah walnut,' crown gall, 370 
Entomologiat, economic, field of, 8 
EaleiaopJUkora apkiaroapermo. Ml 
Entomophtboralea, 491 
Entomoaporium, 085 


Bntylama, 712, 715 
Eafyloowi dMim, 781 
aOmt, 781 
Ensyinea. 825 
rdation to viroaes, 257 
S^chlcB, 58^ 

BpicUa iifpktM, 557 
Epiphytotica, atem mat, 780 
Epiaootica, 491 
E^t, 592HH)3 
barley, 885 , 801 

culturea aa commercial aource, 000 
Engliah ryo graaa. 801 
oata, 801 
rye. 30, 601 
rye graaa, 584 
wheat. 801 
wheat gi^|aa. 588 
wild rye. 801 
Ergotiem, 502, 505 
gaogrenoua, 506 
apaemodic, 508 
Ergotozm, 801 
Erioaoem, 822 
Bngaron canadanaxa^ 277 
ydlowa, 277 
Enkaaon, 10 
Enneum, 42 
Erinoae, 42 
Fnobotrya 354 

Brxopkyta rt6i« big bud mite, 317 
Erodium leaf apot, 188 
Krwinia. 324, 817 ' 

BTu.%nia amylovorn 150 
Bryaxba aubirrranra, 471 
Bryaxmutn ckexrnntkoidfn 458 
Kryaipharew, 563, 564 ^ 

or powdery mildt^wn 565 
Eryaiphe, 669, 871, 572 
Bryatphr ncAcrocrnrum, 571, 586 
communxB, 888 
(rramtntff, 888 , 570, 5S5 
poiyfftmx, 571, 584 
^laaential chemical elements, W 
uaea of, 68 
Etch, tobacco, 321 
Etbalium, 390 
Ethyl acetate, 127 
Ethylene gas, 207 

Etiolated aweet pea seedling test, 207, 209 
Etiolation, 26, 28, 75 

in horticultural practice, 189 
partial, 18S 

Euhacteriales, 324, 326 
Bxiehlnna nu^jicanrif 475, 753 
f.uexoaacua, 506 
Euonymus, 248 

1 uonymuB, infectious chlor<iaia, 316, 317 
Buonymua }aponxca» 264,|265 
rod lean*, 265 
Euphorbia, ruat, 40 
Kuphorbia cyparMaio*, 767 

verardtana, 815 * 

Euphrasia, M50 
Europe^ brown rot, 885 



INDE^ 


9ti 


IGuropoiA MDktf . 4A 
6M 
p«*r. 656 
poplar, 711 

European miatletoe, 550 
Eusedu ttraUuluBf blunt-nosed leaf-hopper, 316 
Rutaphrina, 506 
SiOettur Uneltua, 251, 262, 2H1 
Lvergreen nursery stock, cold injury^ 15S 
^zciputacea, 066 
Kxcresoences, 42 
Exoasoacee. 606, 606 
Ftoasoales, 30 
Exoasous, 606 
Exoaarua di^forman*, 610 
ExobsatdiaoetD, 822, 862 
Exobasidiales, 30, 411 
Exobasidium, 822 
Erohandium azalea, 863 
diseased heaths, 3H 
oxpeocci, 410, 862 
parvtfohi, 863 
idecintt, 868 
Lxospores, 301 
Exosponum, 666 
Extension Hervioe, 12 
pathologist, 13 
Exudations, 62* 
bacterial, 52 
guniiiiosiB, 53 
latexosts, 63 
resuiosis, 53 
slime flisx, 62 
} ye bright, 869 

F 

rabrora, 520 

Fabraa*tyuifulat(i,'M 5(>1 
haotory twners sewl plants H6s 
l^airy <lubs 410, H2 2 
1 airv rings, 395 ^ 

carnation, 701 

False bloHsoMi, cranlierry, 3 Hi 
halse ergot, SS2 
I alee smut, rice <>57 
harlow, 11 • * 

I asciation, 27, 61. 73 
apple, 01 

1 ederal Horticultural Hoard IS 
{<ern, 491 
leaf blister, 517 
leaf nematode, HS2, HOP 
leaf, tomato, 264, 322 
I errox, 65S 

fertilisation, 403, 41t>, 437, 5M 
Fertilizers carriers of club root, 4 <k}, 4<>5 
effect on blossom-end rat, 110 
^n scab soils, 382 
on soil acidity, 80 
f ertslis ng tujje, 416, 417 
Futuz car tea. 840 
Field dodder. 862, Mt 
I ifild peas, lodgiag, 106 


Fig, root hnot, 800 
mst, 818 • 
smut, 683 
soft rot, 400 
-arorts, late blight, 427 
Fiji disease, sugar oane, 320 
FUorte medteuM, 88l 
Filbert, blight, 668 
Filiform leaf, tomato, 254 
sweet potato. 264 
Filling, effect on trees, 126 
Filterable viruses, 268 
Finger-and-toe disease, cabbage, 38, 467 
Fir, Hydnum, 864 
leaf cast, 602 
mushroom root rot , 840 
-poplar, rust, 814 

stringy red-brown heart wood rot, 864 
tmg blight, 661 
witches broom, 47, 767, 814 
yelloa root rot, 853 
Fire blight, 20, 331, 342-369 

apple, 37, 45 323 328, 844, 846, 846, 364 

apnouts, 364 

blackberry , 354 

California holly, 364 

cankers apple, 548 

ohemes, 354 

cysts or pseiidofrut (ifications, 363 
fire thorn, 364 

lapanejis ffouering quince 364 

loquat 354 

itiedUr 354 

mountain ash, 364 

pear. 17, 46, 323, 32M 364 

plums, 364 

prunes, 364 

quince, 164 

raspberry, 364 

rose, 364 

service berry, 154 
spiraea, 354 
itran berry, 164 
1 ire thorn, fire blight 164 
Fiesion fungi, 325 
1 lachsbrand. 4M9 
1 lag smut 712 
1 lag vvheat, 700 
1 lagellates in latex, 2(>0 
flagellum, pi flagella, 12^ 884, 4(4) 

1 lax, blight, 489 
canker, 140 
doddei, 861. Hti2 
heat canker, 142, 149, 100 
rust, 814 
Mlt, 704 

Plea beetle, spra\ing for. 148 
X eotor of mosalr, 295 ^ 

Hies, disseminators of fiie blight, 361 
Hooding, for root knot, 805 
prevention of froet damage, 162 
Flotation sulphur, for apple scab, 626 
Flowering dogwoocl^ mushroom r04it rot, 860 
Flowers, heat burning, 141 
Fomss, 410, 828 
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Fvmet 649« M 

fiwnnophtlMMt MA 
ttftiianiM. MA, 855 
^ lartotB, 856 
ofipinaltit 865 

Food wad I>ru8 Administrfttion, Plant Patbo- 
locteal Unit, 12 

Food materiaU, deficifincioa of, 56 
Foola, 4V 517 
Foot diaeaso, cer«'aU, 657 
Foot Itch 881 
Foot rot, citruB, 450 
rhubarb. 451 
tomato, 452 

Forage Cropa and Diaeaaea OfRci^ of, 12 
Fonvt and ahade tn^ muahroom root *'ot, 849 
Forrat Pathology Oflflre of, 12 
Forcet treee Hrptubaaicbuin tanker 851 
Forms aportalia 775 
Formaldebydi , duat for 3 ( ab 182 
for amat. 729 
hot, 829 

for powdery scab, 474 
injury 2i1 
introduoticn A 18 
aeed injj y, 243 

apnnkk for bean anthrat uo«t 689 
Tontail bacterial spot 3S/ 

1 ragaria 354 
frank 8 

J rankiintella. 252 

froxinUs ejudMiar >1S 

pubatteim auruhtf Ui i '65 

f-cokle ptarh 70) 

Freeman 1 M 15 16 
Freesia ycllovts tl7 
f reefing rffett on stare )i 176 
injury apples i77 
fruita 177 
how caueed 153 
up of soil 9 1 
I'ronching 77 
tobacco 61 71 
Frog eye apple 6K) 632 
Froat bbstored leaves 158 
eankors 106 
f racks 163 166 
turiing apple leaves 156 
» elamage^ prcvi ntion 162 
by cheniieal smoke 162 
by flooding 162 
orchard heate rs 16 I 
smudge fires 162 
iiijumd he ads aheat 160 
injury 155 156 
apples 159 

leavia or yemng sh(M>ts 150 
senaiiive annuals 10 1 
strawberry 150 
winter barley 156 
1 u erate d le av 1 57 
necrosis pe>tat«> w s 171 
potateiea 16 1 171,175 ^ 

nisseting, ewe hard CruttH 100 


Fruit, bluiht. 342 
apple, 847 
decay, 504 
drop, 101 
heat burning, 141 
or nut plants ehloroaia, 77 
pit. apj^e. 102 
rot, 56. 622 
cherry, 529 
plum, 620 
aquaah, 502 
tomato, 708 
rotting 525 
spot 342 

apple, 102, 103, 708 
or blight 347 

trees, arsenical pniaoning, 238 
Silver leaf 47, 853 
i ruitif aacigcroua 405,587 
eold injury, 158 
dropping of 41 
freecmg injury, 177 
June drop 101 
sun scald 141 
Fuchsia leaf drop 41 
} iimago 584 
I umigRtioR injury 221 

cyanide ror greenhouses 2'1 
for naldc h> de for potat >« a 221 • 

1 ungi imperil it 587 

clisshcatitn 084 6"2 
ii!c phases of 10 ■) 

’■i product \t Htayrs 400 
V iTf tative stages > 

I eiiiiri H td f jr apple He ab <f^f> 
i ungus pi fungi rateriihir i*)V 

eeiiulitiou in or ou substratum eH 412 
I usarium 118 471 665 
I uat^rturn aveuacfum 656 
blight, jHitato 1 12 
cottghU ua/iB 704 
eulmorum 656 
erubrscfvs 114 
hm 704 
lyroperaiet 704 
rnvnlr 656 
oxynporum 705 
pc>tate> I )2 )0 ) 177 
putre/anenB 709 
seeherii 114 
i Kinfectum 705 
wilt pot ito 705 
Fusieladiuiu 618 510 660 
h uHirtnthum dt'hdt tuuM 01 S 
luatceKcum 670 571 
h uBimccum putre/urtt'nii, 700 
1 uaidiurn, 555, 660 


Gall* pot'^to 175 
Gall 41 
Axalia 85) 
eranbMrrv 486 
ebsease ( ranbe rrv 43 
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0»ll-loriatQc fossi, 8^2 

qUv6, 44 
VAceinium, 853 
Gallowaya, 759 
GaUowaya ptm, 812 
Gftmeta&gtum. pi £ftmetangia, 400 
Gamete, 401 

Gamelophytic generation, rustn 772 
Gangrene, plant tiseue, 53 
G&naehaut, 288 

Garden cress, temperature roquirpmeiit, 140 
Garden vcg<tablis, sUm rot, 540 
v^iU, 560 

Qae grain treater, 245 
Gasteroftiycetales, 821 
Gatirodta alatn 850 
Geranium, ennUe mosan . .117 
leaf Bprrt. '188 
stem rut 450 

Germination fiin cl, smut. 712 
indin ( t, smut 712 
(if loose Binut sports 7 18 
tormisan tor smut, 729 
Giant iiill iiolato, 286 
Giant mistb toe 8.50 
. htstnut, 8.50 
ttak 850 
(iibherella, .588 
<iihbinffi’ ittiu)nnr(t) 0.57 
Giclitkranklieil 
Gigantism, 107 
Gill fungus, 410. 824, §44 
(ginseng 1M»\ t(iplit)M»ra rot 151 
root kno^ 8<U» 

Gladiolus, hard-rot disease, 711 
inosaie, 117 
neck rot, 388 
scab, 3‘6> 

Glauber s salt, 90 
(ileba, 831 
Gill odes, 0().5 

Gill oeporuim, 57, .542 , 448, 070 
(Utrtta port tint nmpilo/ 1 m/unij 7(M> 

/nwcfttii, 70i) 
hndrrnHthtiinuin, (»8l 

rihis, 542 
PfnHurn, 58.3 

aiomireUa, 57, 51M). <,S4 • 
cin(/ulnta, 40, t»50 
f/oa^ypji, 0.50 

Gloxinia, leaf nemat«Kie lOO 
(Vtfrtrui Jiuitfiiik, t)0l 

Glvocnne, use uith hiight disinfrctaiit, 357 
Gnoinonia. 590 

ftHom</nin Uitotlpln^ 01)0 

tJmea, 30, 000 

vrnfta, 060 

CtfHroma cn^nantim , 710 
Gold thread, 801 ^ 

Golden chain, infectious rhlorusis, 205 
Golden aod, and pine, rust, 812 
orange ‘rust. 707 
Golden seal, rorg knot, 896 
<;olf links, broHn patch, 853 
OondtAi tr^hruM, Itf 


Qt)o«eb4^y, anthraenoss, M4 
black knot, 658 
blister rusll 767, 812 
croun gall, 369 
leaf spot. 061 
mildevt , 584 

(Joatpptum herbarfutn, 502 
Graft misfits, callus enlargements, 363 
Graft overgrowths, 3ti3 
Gram, lodging, 74 
seedling blight. 650, 657 
stem rust, 774 790 
Grand Rapids disease, loniatu, 386 
Granxilie wilt, tohaeco, 380 
Grape, anthraciioec, 706 
bird 8-cv'‘ disease. 706 
bitter r<'t, '>59 
blaA knot, 185 
black 'ot, iO, 000 
blight 4 19 

Bordeaux injury, 229 

brown rot, 44? 

chlorosis 7i» 

court nouG 317 

crown gall, 3iit), 309, 370 

dead-ann disease, <).58 , 

down) mildew. .31, S3, 439 449. 441, 44S 

freering mjurv, 178 

grH\ mold, 442 

hyacinth, mosaic, 317 

leaf roll, .il7 

lime chlorosis 70 

no saic, .tl7 

inushrooni root rot 85() 
powde-y mildew, 5S.5 
Reimgkrarikheit, 317 
1 1 pc rot, 059 
roncet, .317 
root knot, (>50, HOO 
rot, 439 

tllcposporium, .57 
Guignardia, 57 
Plasm opara .57 
roter Jirenner, .5t»l 
rust, 81.1 
shelling 42, JOl 
sun seaUl 141 
(irass, black spot, .32, <i5s 
caf-tail fungus, 057 
nematode disease, vSli 
powdery mildew, 585 
Gray . .5.58 

Ciray inoiii. castor l>ean, 5()0 
gra|>e, 442 
t.ray rut, 522 

• Jiay speck disease, oats, 71 
Green-ear disease, 39, 49 

millet, 452 ^ 

Greenhouse, cyanide fumigation, 22l 
plants, sun-scald spots, 141 
GrrpiUim robutild, 3f>9 
Grind, 467 

apple, 617 ^ 

(jros-pied, cabbage, 457 
Ground*itch, 881 
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A 

UroMt« determiBs^r IM 
ind«t«nnimte» IM 
OuignurAft, 57, 500 

OutifMFdia oBteultf 001 
h%dwdl%%, 40, OeK) 

MHcintt, 600 
GuinM worm, 881 
Oummoof, 58 
bA 0 t«risl. 53 
ohttry# 104 
citrus, 460 
Bioae fruits, 164 
Guttatioa, 52 
Qymnoooms, 770 
Oymnoeonva tfUertiihaliA, 815 
Oymnusporangium, 770, 808 
Gymnotparanatum UasdafeanuMt 816 
elanpps, 815 * 
ffermtnale, 815 
idoMtum, 803 

juni pen-Ptrgtniana 44, 767, 700, 801, 803, MM 
juvmeBCFna, 816 
kinmMnumt 816 

Itboerdn, 47. 816 
nuusroptut 803 
ritddlihosts, 816 
Gypsum, for alkali soils, 05 

H 

« 

fUokberry, branch knot 47 
Hadronkycdsis, 702 
JIail wssd, 86t 
Hair wssd, S61 
Hairy root, 47 300 ^75 
aerial, 47 
aenal form 365 
apple, 320 SM, 170 
bean. 370 
broom root form, 
honevsunkip 370 
J*ari8 dairy, 170 
rose, 17t) 
simple, 0>4 
sugar beet, 170 
symptom of curly lop, 280 
wooyy knot form, 3b4 
, llallimaseh, 842 
Halinblight, barley, 187 
<»ate, 387 
rye, 387 
wheat. 387 
Hard crown gall, 103 
Hard rot and tip blight cranberry, 5bO 
Hard<rot disease, gladiolus, 711 
llard'^inned puff balls, 821 
Hard smut, 882 
Hardiness, basts of, 154 
yanation in, 154 
Hardpan, relation to alkali 94 
Harahberger, 16. If 
llartif. 8, 0 i 

Harvested crops cold laiury, 163 
Hatch Act, 11 


Haustonuia, jA baustoria, iA% 4M^ HM, 584 
762, 780, 864, 866 
dodder, 864 
mistletoe, 873, 8Tf 
primary, 876 
Hawthorn black rot, 668 
fire blight 354 
powdery mildew, 579 
rust, 808 
scab 023 
Hasel, blight, 658 
mushroom root rot 850 
Head smut corn, 10. 48, 4t, 745-760 
sorghums 745. 760 
Heart rots 65, 825 
Heat burning, flowers, 141 
fcHit, 141 
leaves, 141 
cankers, 141 

flax. 142. 14$, ifO 
defoliation, 142 
injury cowpeas 141 
maple 141 
typ 8 of 140 
various species 142 
wheat 140 
ngor 1 19 

Hiaihs Txabasidiuni dis<4ises 38 
H<il bind 861 

Hilmiuthosponuin §67, 660 
ilrlminthoHpormm grammeum 703 
pww 701 
ter* 60 J 701 
Il<iotm(.eH 520 560 
Hi ht Hales 519 520 560 
Hi mill la 770 
lf*milna va'itrttrix 815 
J^tnilock hydraiigia rust 814 
liaf and lone blistir rust 814 
liaf rust 814 
mushruoin root rot 840 
poplar rust 81 1 

stnngv rid brown hiartwoiKl rot H54 
Himp h’-oom rapi 860 
Henbane larly blight 677 
Hendi rsonia 670 671 
HenderHonula morbona 600 
Henning 10 
Hepatica rust 767 815 
Hi rbaceous hostSr sti in rot 85 1 
Hendi^ry sterility hop U7 
H^rpot^cbla 591 

nigra 662 
qninquiaaptata 662 
Hesler 16 

Heterodera 881 891 
IfHerodera rndirtrola 892 
HchaektH 881 899 
HeteroDciBin. 762 767 
rusts, 17 

//«toromele« arinUt/olta, 354 
Heterosponum 687, 689 
HttFroapcrium eckintUatum, 703 * 
tfraale, 661 
Uet,eroihallie 491 
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lleterot&aUiwn. nisto. 771 
Henpods, 6 
l|e«eiLb«Mn. 46 
Rtbivcuft. 248* 802 
bloMom bta«t» 004 
H^riitcuM coeetfumt, 002 
002 

tyrtoev#, 602 
Hickory, ranker, 600 
HiRh amut, 717 

High temperature diseasre, 130-102 
Hippenstrum, moeaic, 317 
Hiatamine, 601 
Holdover cankers , 46, 349 
Hollow' apple, 103 
HoUow heart, poUto. 100. 122, 133 
Hollyhock, root knot. H06 
*wt. S17 

Holly, non-infertious chloroeiB, 248 
Holophytea, 868 
Holy 6re. 696 
Homothallir types, 491 
Homothallism, rusts, 771 
Honey, aicanr, 64 . 842 
dew, 694 

Honeyaucklr, hairy root. 370 
powdery mildew, 29 
Honigpils, 842 
Honlgsrhwamm, 842 
Hookworm, 881 
disease, 881 

Hop. aucuba mosaic, 317 
crown ((all, 369 
curl, 317 • 

downy mildew, 463 
hereditary sterility, 317 
• hornbeam, black rot, 638 
mosaic, 31^ 
types, 317 
mottled mosaic, 317 
ncttlehead, .317 
squirt mosaic, 317 
yellow-spot mosaic. 317 
Hop tree, infectioiis chlorosis. 266 
Hopper burn. 674 
Hopper potato, 143, 147 
Hordcum, stem rust, 77” 

Hordeutn Hofunm^HO * 
llormodendrum, 667, 669 
Horse bean, aiithracnrwe, 687 
mosaic 318 

Horse chestnut, frost-laci rat* d leaves, 167,168 
leaf bloti'h, 661 
Horse radish, white rust. 4.38 
Horst dust, for arape downy mildew. 447 
HorCicultural Crops and Diseasfe, Offiee of, 12 
Horticultural inspectors, 14 
Host, 5. 393 

Hot formaldehyde for srab, 382 
Hot waller for loose smut wheat, 741-743 
seed injury, 242 
treatment for black rot, 341 
b>r cereals, iS 
lor wheat nematode, 800 


Houae» fly, %01 
fungus, 853, 864 
Hooaeleek, rust, ^11 
Hubert, £. S., 16 
Huckleberry, rust, 814 
Humin, 136 
Hyacinth, mosaic, 318 
ring disease, 898 
soft rot, 388 
stem nematode, 881 
yellow disease, 323, 388 
Tlyalodema, 666 , 609 
Hyalothyris, 670. 671 
Hybosis, cotton, 316 
Hybridisation, smuts, 727 
stem rusts, 780 

Hydathodes. relation to Up burn, 146, 147 
Hydnacce. 823 
Hydnum, 410, 823 
Hydrtum ahtetiB, 864 
srinorcMs, 864 
omnttonim, 864 
neptentrionalf, 864 
Ilydrangea-hemlork rust, 814 
Hydrated lime, constituent of Hander's dust, 428 
Hydrocyanic acid, burning, 188 , 

relation to gas injury, 207 
Hydrogen, .^8, 69 

Hydrophvlie rolloids, relation to freesing iniury. 
166 

Hvmenium, pi hymenia, 6l9, 821 822 • 

Hymenomyeetes, 664 
clatwification of, 822 
fiyoKcyamuB albus^ early blight, 677 
n»(/cr, 484 

early blight, 677 
llyperiiutrition, 196 
Hyperplasia, 38 
Hyperplastic diseases, 329 
Hypersensitive areas. 793 
Hypertrophy, 38, 333, 606 
Hypha, pi. hyphee, 393, 294 
binueleate cells, 820 
Hyphoinyeetales, 6t>6 
Hyphomycetes, 326 
Hypoehnus, 410 
HyptH-hnu^f ffolant, 828, 836 
Hypocnnceiw, 8il6 
Hyporieareee, 5H8, 698, 666 
HyporreaJee, 688, 660 
Hypoderina, 41, Ml 

df/ormninf, 502 
Btrohtroin, 602 
Hypodermataeea*, 621, .502 
Hypodermella, 621 
^podermHla fortcis, 662 
Hypoxylon, 690 
canker, poplar, 060 
UypoTjfUm pruinalunif 060 
Hvsteriales, 619, 521, 662 


lee scald, peaches, 222 
Ideta, 10* 
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l^iiU 505 
Ilex, 240 
lUoeporium, 665 

Illuminetiog |:m, tOjuiy. Mij 205 
m Mr, 206 
m soil, 205 
InMneture wheat, 882 
Immune vanetiee, 10 
Whrt, 484 
Impedicellatie, 768 
Imperfect fungi 701 
diseaseB. (i(>4-711 
Imperfect Btagce, 664 
Incense cedar, Pacific Coast rust, 816 
rust, 803 

witches’ broom, 47 
Indian paint fuag’is, 854 
Infeotitm, cou{ts, lenticels. 472 
cuahiona, 834 
hypha, 4SS 
thread, 703 
smut, 712 

Infectious chh^rnnia, ^bullion, 265, 314 
aah, 266 
banana. 315 
burning bush, 205, 315 
Kuonyinu*!. 115, 317 
golden chain 205 
hop tree, 265 
jaamiue. 265 
^ Laburnum , 265 
mountain ash, 205 
pepper, 319 
priTct, 2(>4, 205 
iUbarruirgtnatua, 2(»4 
amimm, 264 
aweo^arxegatm 2l»4 
rose, 310 

Tartarian dogwfKKl, 2u5 
Infusoria, 0 
injecting iii ii, 7S 

Injuries, from c«»ntn)l prat (it es, 221 247 
elect ntul 201 

ethylene gas rnof hvpertrnphicfl, 200 
illuminating gas. 20] 205 
in air, 208 

iiiagneBiiini oxide 202 
fro<n refrigermtitm 222 
eee<l disinfection 221 
smoke, 210-219 
acute, 210 
beech Icaxee, Sll 
chronic, 210. 213 
inxisibJe, 211, 214 
maple leaf. Sit 
S(>i diagnosis, 217 
indicattirs, 217 
•usceptibih^v , 218 
from soil sterilisation, 222 
•praying, 221 
sulphur dioxide, 201 
tar products, 202 
Injur) . csnient-dust. 201 ^ 

Ink disease, chestnut, 451 
liioeiilalioii, 175 


Inaact, oaat fungua, 657 
dissemination, 508 
transmission, virosea, 251 
rectors, virus diseases, S52 
aphi^, 252 
beetlea, 252 
cgpaid bugs, 252 
lace bugs, 252 
leaf hoppers. 252 
mealy bugs, 252 
thnpa, 252 
white flies, 252 
Insectivorous plants, 858 
Insects, 6 

earners of ''hesinut-free blight, 651 
of ergot, 508 
of fire blight, 351 
Inel^otion, f6r diseases, 12 
Intense light, general effect . IHO 
Internal, black spot, ‘^abbage, 163 
breakdown, apple, 50 
brown spot, potato, 33 , 37, 287 
browning, apple. 222 
decline, lemon, 122 
frost neeroais. blotch type, 1 72 
net type. 172 
potato. 172 
ring type, 172 
necrosis, 1(>3, 168 
therapeutics, chestnut blight. 663 
Interveinai mosaic, potato. 292 
Intumescences, 42. 43 , 101 
Invisible microorganisms 258 
Ins, leaf spot, 661 • 

mosaic, 318 
Iron, 68 
deficiency, 71 

, sulphate, for chlorosis, 78 
sulphide, 581 
Ironwood, leaf curl 517 
witches broom, 517 
Irrigation, eftert on bitter pit, 112 
on bloBsoni'end rot, 118 
on fire blight 355, 156 
Isana, 6t>5 
Isanopsis, 665 
Ithyphnltut impufttcutf ^22 


Jack bean, anthracnoee, 687 
mosaic, 318 

Japanese flowering quince, bre blight. 354 
Japanest plum, susti ptibilit\ to Bordeaux injury, 
228 

Java gum diseaae, sugar cam 387 
Jaamine, infectious t hiorosis. 265 
Jaammum offietTialftvartfffato, 265 
rewlutum aurtwariFoatii, 265 
Jensen, 18 

Jimson weed, early blight, 577 
Johnson grass, bactenai spot. 3flY 
Joitaihan freckle, apple, 103 
Jo^giban spot, apple, 103 



INDEX 


925 


Jvj^anE ealiferniea, 370 
kindiih 840 

Juice, inoculatioiui. mosaic, 294 
transmistion, rirosps, 251 
June beity, powdery mildew. 579 
June drop, 285 
fruits. 101 

June grass, silver top, 702 
pome fruits, 42 
stone fruits, 42 
Jumper, stitches' broom, 816 
Juniperuv barbudenfxtt, 767 
eommunti, 815 
9t50riea, 815 

t/r^i7ijano, 767, 796, ^3, 815 


Kaimt. effect on potaio scab, 380 
on sand drown. 62 
Kale, black rot, ‘UO 
Kartoffeirilude, 467 
Kawakamia. 415 
Keitlua. 520 
Kfthtn thujma, 561 
Kcllrrmania, 670 673 
Kernel, 7L’ 
sritut, corn. 745 
* oata, 41 

soivhum, 4^ 760 
wlu’at, 41 
239 

< rnulsions, 2 39 
for «ttrt, 4^6 
Kirrhner, 8 
Klebahnia 770 
Ktebe, 17 «■ 

KJeeieiifel 860 
Ki)ullfnbr|md, 46/ 

Knot, (itruR 710 
or tufxrele, olive, .329 
j; 

Kr>hlht*rnif , eabbsKi AH? 

Krani* }i<'it»h4 rrt*' 4f» i 
Krauselkrankht if , 507 
Krausi'lkrankheitcii, ]> itato, 301 
ICringerxclieid, potato, 2ty 
Kropfmasf r, 301* 

Kuebneolo 770 

Kufhneola aU»da, 818 

Kuhn, luliuB, 8, 9 

Kunkclia, 769 

Knnkei^a nHf/itt. 812 

Kurtako], for grape, downy mildew, 44‘ 

KOstor. 8 

L 

f.a carie, 717 • 

T<a maladie de I'cnroulement, 301 

Ijaburnu^ vulga^e aurintt, 265 

ckrifgophyUum, 264, 265 
l>ace bugs. 252 * 
lAduca Ecanoht 707 

lAmslU, 410 


LsmeUis or gills. 847 
Lampson-^nbiigr, U 
I Arch, canker, 560 
leaf cast, 42, 662 
mushroom root rot, 845, 646) 849 
poplar rust, 767. 814 
-aillow rust, 814 
witches’ broom, 47 
yellow root rot 85.1 
J^Tgo tops but tubire, 
lArkspnr blatk spot ihS 
Lat( bliKht, barl( \ , 70.1 
Bordeaux, for potato 428 
breeding for r^wistan r, 428 
eggjJaiits, 427 
figworts, 427 
loss from, potrito, 426 
pepper, 427 
ptfoiiia, 427 

potato, 8, 29, 37, 54 430 44 > 

control by copper arior^ dost 428 
by copper-lirnc dust, 4JO . 
b> d istirr , 429 

by Sitndtr's copptr-l n» dasi, 428 
bj apra^jMg, 428 
and rot, potato 419 4U 
tomatoes ri'^isliiu(( to, 42( 

iSdrtiiurn torf>)/os/, 4 '7 
murua/um, 427 

Katenl fhealthyl potato virus tofui eo, 321 
lAtfut infection bunt, 720 
Lati'nt virus, potato, 289, 21M) 201 
Lsff'rai < horde, 880 
Katexoeis, 53 

lAthsimnsfor trM seedhnfjK 187 
LathnT/i hquiirrui) Ki, 85^‘ 

iMtki/rus /?/«</ 707 

JMunra aipitnifoLfv iin»t 4*' 

Kauracesp 879 
l.avfttera, 264 
Ijfionf^ra aibm(n 367 
I.< 1 Imrbon, 7 1 7 

Ltad aiNiUHte. ni u 'i >y i, 2 !7, 238 
f euf and Cf)ne h< m ’'ut I heiiihal , 814 
f eaf bliglst, ^*1*2 
eherrv, 551 
euirant, Ml 
lettuce, 701 
penj . 5M 
t/.nnee, 501 
l«ai blister, fe»‘n, 517 
oaks, 518 
pearh, .y>7 
pear, 528 
rusts, spruce, >13 
cal blotch, horse ehestnut, 001 
Leaf cast, hr, 502 
larch, 42, 562 
pmc, 42, 502 
western yellow pine, 562 
white pine, 562 
Leaf eurl, almond, 514 
efaenry, 47. 518 g 
chokeoherry, 39 
oottod, 316 
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LeU onri, diMMMi, a0541« 

lusci* 80 

mmI moMiQ*. rupberry.. 810 
nMtann6» 514 

peach. 38. 50. 507. Wf. ill* ill 
peach almond, 514 
pohjaettia, 319 
potato, 301 
Ptens. 49 

T..eal drop. asaleM. 41 
besoniae, 41 
potato. 290, 201 
rubber plants, 41 
streak, potato 201 
T.eaf fall. iOl 
Para rubber, 451 
1 eaf sails. blacl6>erry. 480 
strawberry, 489 
violets. 480 

l/eaf hopper. 251, 252. 205, 352 
C\pad%da srxfioTata. 315 
relation to hopper burn, 143, 147 
T«af mold, carnation. 703 
spinach, 454 
tobacco, 504 
tomato, 702 

nematode, begonia. 882, 800 
chrysanthemum. 882, 809 
^Oypnpedium, 899 
fern, 882. 809 
Gloxinia, 890 
roll, 828. 8.^5 
grape, 317 

potato. 60. 132, 288. 301 312. S03. 304. 310 
pnmanr, 310 
secondary. 310 
transmission, 308 
tomato, 322 
Ijeaf rolling, csuses, 303 
mosaic, potato, 280 
r^f rot, 54 

1 eaf rust, hemlock, 814 
scrub pine, 812 
spruce, 813 
J eaf Bc*>rch, 71 
BtraaJ>erry, 580 
^ eaf smut, timothy . 750 
l>eaf spot. 630 

alfalfa. 42, 545 550. §40. 063 
apple. 629 
beet, tlOl. 701 
chard. 703 

cherry. 42. 551 559. Ml. M4 

obestnut. 30 

clematis. 710 

clover. 663 

currants, 541. 6^1 

l>atura, 077 

elm. 30. C()0 

Krodium, .188 

Kereniuiu, 388 

griunebeiTV. WSl 

iris, ool 

mangel, 703 


Leal spot, psar, 630, OSl 
plum, 661 
potato, 373 
quinoe, 620 
Rubua. 061 
strawberry, 83, 661 
sugar beet. 708 
tomato, 711 

and twig blight, 522, 524 
violet. 31 
I«ak. apples. 490 
cherries. 400 
peaches, 400 
pears, 409 
plums, 400 
potato. 460 
qulikpes, 400 
strawberry, 57. 407-400 
Leaves, curling, IM 
dropping of. 41 
frost blistered. 158 
lacerated, 15T 
heat burning, 141 
liegume mistletoe, 875 
red bemed, 872 
Tvegumes, mosaic, 318 
l^emon, broun rot, 450 
cottony rot, 500 
endo xerosis, 122 
internal decline, 122 
T cntioels, enlargfNl, potato. 101, 377 
entrance through, 

as infection courts, 331, 427^^172 « 

I entinuB, 824 
Lfnttnua lepidtua, 857 
l^nsites. 824 

dry rot, coniferous timber, 857 
LfnxUt'a grp? fir in, 857 
Lepidium. 463 

Lt'pidium fttUiium, 140, 43.5, 438, 458 
itripnicum, 438 
J^ptumitacesc, 413 
hr j tomituh ItictruB, 413 
I eptoiiecroeis, polatr>, 305 
l*eptc«phcpna, 591 
L* {ttoaphuria atfnrtrin, 602 
coniothf/num, t»62 * 

tritici, 002 
l^eptoetnmia. 0t>5 
l^pUietroniatacea*. <>05 
l^ptcmtAiinella, (i05 
J^ptottij/fuB ifmco/a, (>57 
Leptoth> riuiii, 665 
IjCttuce. anthraciioec, 707 
black r<K>t. 701 
liotrvtiH disease, IsH 
Duipmium tinneluM, 391 
downy mildew, 31, 453 
drop, 560 * 

bead, blanching, 1H9 
leaf bUght. 188. 701 
leaf disease. 38<> 
mosaic, 318 
phetopenudisin. 19S 
retf heart, 1.18 
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Lettuoe, Rbiioetonm diMMe, 898 
ring fpot, 707 
root knot, 800 
rosette* 380 
slimy soft rot, 148 
stem rot, 188 
iMuoc, tip burn. 148 

relation to slimy soft rot. 148 
yellows, 318 

fjfueostoma Intcoatoma, 658 
Liboctdru* decurrevs, 803, 810 
Lirhens, as »SOf indicators, 217 
Lid, 020 

Li^r. apple, 102 

IJfc cycle, coiubinatiims, rust, 768 
in crown gall bacteria, 360 
laght. deficiency, fccnrrai r‘ff«‘ct,, 187 
function of, 186 
income, 187, 1 1)0 
relax ton to cliloropliyll, 188 
to curvatures, 1S6 
to growth, 187, 188 
to hebotactic movements, 186 
to photosyiitliesifl, 180 
to ropnKliiction, Ifts 
to transpiration, 186 
relations unfavonibh-, 186 lt)0 
ultra violet, relation to light injury 102 
LtffUHtritni tnliittn nlhonitirf/inotum, 265 
nurttf-mrtfOdtuhi. 265 
aureutn 265 
Lilar, black rot, 638 
blight, 388 

frost -lacerated leaves. 167, 158 
Phytophthora disease, 451 
Lthum louyjflorun- , yellovi flat or rosette, 318 
Lily, bulb wiot. 504 
mosaic. 318 

yellow ^at or roai tte, 318 
T.ily-of-thr*-VRlley moeaic, 318 
root niuiiatodc, 898 
Lima bean, 687 
downy nnlden 451 
pod blight, 660 
Lime chlorosis, 75 

effect on club root, 465 
on scab. 380 
Lime sulphur, 5ffl 
for appl<‘ rust. 80. 
black rot, 537 
cherry leaf spot, 558 
currant anthracnose, 545 
drop, 235 

dry, for apple scab, 62,5 
dry mix, for apple scab, 625 
injury. 2:10-237 

relation to sunlight, 235 
types, 231 

liquid, for spplc scab, 625 * 
ruaseting, 232 

spray for apple black rot. 639. 640 
spraying, for leaf curl, 515 
losses, 232 * 

springers produced by, 233 
rf»r wa:t. 48fi 


«27* 

Umfistons, dolomitie, affect on sand drown, ^ 
Linden, frost-Ignerated leaves, llT 
Twister. 17 
IJthiasis, pear, 52 
Little-leaf. 163 
apple, 38. 167 

Little poach, 38, 273, 174* 318 
Little potatoes, 827, 835 
Locust, mushroom root rot, 840 
Lodeinan, 15 
Lodgt«l rye culms. 103 
Lodged stems, wheat, 160 
Lodgepole pine, blister rust, 813 
mistluioe, 859 
Li>dging, cereals, 193 195 
field peas, 195 

l,.ogaribernes, crov n gall, 369 
dwarf 318 
IMmut peroini, 601 
Tiondon purple injury. 237 
J,oiig-eye|e spc^eii s. 768 
I.ong-dav plants 1% 
l/oose kdfiel smut, sorghum, 760 
Louse smut, 712 

barley, 41. 739, 769 
oats, 41 757 758 
rye, 759 

xxheat. 41. 734. r35, 78$ 

Lophodermiuiii, 4 1 .*»21 
fiO}thodtrn,i\iin hrachynttonum, 562 
hoiihitdtrmiHin fn>'iMtrt, 562 
Loquat. fire blight, <64 
l.oquat iiritnurie to eroun gall, 360 
Lora nth act O'. 859 
Loranthus, 859 
Lornnthnn turoiunn*. 850 
Losses, from apple scab, 618 
from browu rot, 527 
from bunt, 721 
from cedar rust. 800 
from rhestnut blight, 646 
from corn smut, 748 
from leaf curl, 510 
from liniC'Sulphur spraying, 232 
from stem rust, 778 
LouscMort, 850 
Love vine lyr dodder, ‘861 872 
jAfW smut, 717 

Im>w temperature, diseases, 153-186 
general effects, 153 
injury, potatoes, 171 
hupinu.9 anguBtifolxuM, 318 
Lyrknin Jieico, 47 
Lyeoperdon, 717 
f vroptrdon tritxn , 723 
zew, 740 

Lycopernruin rrraai/ortnf, 120 
fsculrntuM, 120 • 

pimpineUi/olxuni, 120 
pyrtfornr, 120 

Lyc, injury fn>m use with lead arsenate, 38$ 

.M 

Macroo^iiidia, 555 
Maeroeysta, 300 
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Ma<rodiplocha, 670 671 
Mai^rophoma 636 070 671 
Mactotuphum gn 266 
MacroBponum 118 067,666 676 
MaaneBimri 68 

defic i<*ncy sand drowa 62 
Sungei 80 V beana 71 
( xid^jnjury 202 
Mai^ruf removal ol doddi r 870 
Mahouia aqutfohum 790 764 
repenn 790 
»tLm rust 700 
Maize false smut 667 
Mai ch Komma titrus 460 
Maladu dearacirus 842 
Maladif di^tuire (.abbage 467 
Malformations 42 
apple 103 122^ 

Malnutntioii 80 82 
Maine *164 621 
Mammals 6 

Manaancst chlorosis 76 /6 
Mangel leaf spot 70) 

Afanii^tnus ampelina 700 
Manure effect on potato scab ISO 
Maplr olack rot 638 

frost lacerated leaves 107 158 
heat injury 141 142 
mushroom root rt t 84 ) 
i^n infectious chlorosis 249 
tar spot 08, 561 
thrombosis 37 

un form white sapwood ret 864 867 
w file -streaked sapwood rc t 86'^ 
Marasinius 824 
Vfaratfwitis ufrnmofiu^ 857 
pftentua 857 

Marg nai haf roll pitato )06 
Marig Id ythovirt Mb 
MarioT^ bean inosair 804 
Marssojiina '01 668,670 
Vor»« mna ruatagt ri 561 
ochroleuii 10 
piinatlwKin i 707 

MaHsaehusetts falsf bless jm eranbeiry H52 
MaUhiolf tiirana 4>S 
black rot T40 
Maublane 10 
Me Mpim 10 

Meaoow rue orangt rust 794 
Mealy bugs 262 
Measles apple 100 
Median chords worms S80 
Medicago, 548 

Medteoffo iujiuhna m( uiiout 540 54K 
Medlar, fire blight 364 
Mshunpsora 7(>9 814 
M ilampaara ntnetia-^ auairnsis, 814 
alhrrt n«8 814 
ingelowt* 814 
/tm, 814 

rSsdttscr. 767 814 
MelampsoracesD 769 770 S|Cj 
Mriaiupsorslla, 769 
MatompaaraUa doHna^ 47, 767, 814 


Mslampsoropsis, 813 
Melampyrum, 869 

Melanec males, 665 068, 670. 688 706 
Melanconium OOS, 670 
Melanin 136 

Mdantpa qmreum ci^ts, 634 
Melanose, citrus, 709 
Melasinia, 066 
Mriiola 604 
Meh ta penzigi 684 
MelogrammataoesD, 606 
Melon downy mildew 453 
mosaic 318 
MHtera potato 499 
Mercuric cl londc acid containing, 880 
fur black rot, 340 341 
for bre blight control 367 
injury 221 

for powdery scab 474 

fur Hhizopus rot sweet potato 494 

for wart 486 

Mercuric cviaide fi^-e bligl t control 357 
Merki forctrndrj rot 700 
Mtruhus S23 

Mtr iliu6 lachrymana 810 854 
Mesoepore 766 
Mespilua 3'*4 

Metallic fume injury fn in 210 
Methyl butyrate 12/ 

Me\en 7 

If r ocoircu 2 }/i//toj(ru* )50 
\f croconidia 556 
brown r t 630 
Miciucvst 300 
Micrc djpl Miia b70 671 
M crupuccinia 770 
MiCrusolerotia 834 
Mi^rospheera *'li9 dfl, 572 
\fuff^ejfari aim 8 * 
gufrcina 585 
Vli(7r(>lh\riHuea lOt 5^* 

Mild mosaic raspberrv ^19 
tobnoc i i2l 
M Idew oheiry 685 
ton 601 
gooseberry 584 
oak 585 
t^ee 585 

Miliuni f^ffusum 001 
Milk of lime aflerbath 246 
bath s^ikut 730 
M 1 lardct 17 

Millet downy mildew 452 
gieciiHsar disease 452 
Millet smut 760 
Misranthus 248 
Mistletoe 874 

\inencan 869 872 870 
bu‘d dissemination. 875 
California, 872 
desert 863 
I>ouglas fir, 860 
dwarf 6, 47 

liiUropean 856, 875 
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iMfy. 5 
tegurne, t75 
lodft pol« pine, SM 
oak, 875 

Peeifie eoeet, 872 
•enly, 5, 47. iT8 
Texne. 876. 877 
weetern larch, 869 
weetem yellow pine, 859 
Mitee, 5 

oarrien of carnation bud rot, 702 
Moieture, deficiency, effect of, 90 
exoece. effect of. 100 

favorable to cun ecald. 100 
■Nation to soil oxygen, 100 
to toil carbon dioxide, 100 
to pathogenet, 100 
Mold, corn, 091 
onion. 464 
■lime, 889 -391 
Moldy core, apple, 166 
Molinta carvlea, 594 
MolluiaoeiB, 620. 660 
Mollieioee, 586 
MoHubIu, 6 
Mongrel, tobacco, 321 
Monilia, 666 , 669 
Monxlxa etncrra, 622 
cinerta ovtum, 629 
exnerea ccroj). 529 
oregonetiixi, 523. 629 
Monilia rot, 522, 628 
Monihaoeie, 066, 666 , 669 
Moniliale8,*065 
MoniliochwteB, 667 , 600 
onxlxopaxM aderhUdn^ 838 
Monivorcaia ruets, 771 
Monochastia, 668 , 670 
Moueterg, ni<i«aic, 314 
Moaaic, 836 

Adzuki, bean, 316 
age. 253 
alfalfa, 314 
amaryllis, 314 
anthuriuni, 314 
aphide, vectors, 294 
apple. 315 
bean. 316 
beet, 316 

bkaoa nightabade, 297 
biuaeeitt spioute, 316 
cubu&ge, 316, ?' t 
caaeavk, 316 
caultdower, 317 
ceieiy, 310 
Chineae cabbage, 317 
clover, 316 
Outninelina, 316 
310 

cowpijaa, 297. 316 
crocus, 310 
crurifers, 3 It] 
rucuinber, 317 
daff<idil. 317 
dahlia. 317 


Moiaio, dieeaiei, 263 
dwarf, potpto, 291 
effect on iloweiv, 255 
on fruit*. 255 
on leaves, 254 
on ■terns, 255 
eggplant, 317 
general appearance, 258 
gladiolus, 317 
grape, 317 
grape hyacinth, 317 
Hippesstrum, 317 
histology of. 266 ^ 
hop. 317 
horse bean, 318 
hyacinth, 318 
ins, 3i8 
jackbean, 318 
juice iDOculatiuna, 294 
leaf roiling, potato, 290 
legumes, 318 
lettuce, 318 
lily, 318 

lily of the valley, 318 
marruu bean, 854 
melon. 318 
Mpnsteia, 314 

^lottling or -stripe diseasi , sugar cane, 

320 

mustard, 317, 318 

narcissus, 318 

Nicotiana, 318 

okra, 318 

pea, 318 

pea bean, 854 

peanut, 319 

pepp<‘r, 319 

period, 19 

petunia, 319 

Philodendron, 314 

physalis, 319 

poke weed, 310 

potato, 154 , 285 .301 . 319 

radish. 319 

rap*', 317 

rhododendron, 319 
rhubarb 310 
rutabagas, 316 
a«aai hf^inp, 320 
i»oy oean, 320 
■vein graftis 294 
super mild, potato, 200 
sweet p"*’!. 321 
Bweet potato, ,'121 
tobweeo, 5, 61, 321 
tuoer grafts. 294 
tii-Mip. 316. 322 
voeat. 277 280 322 
eri*rn. 278 
yellow, 278 
Windsor bean. 814 
Zantedseliia. 314 

MoeaikkrafikluMt 25# 

Mnttlia potato. 2‘10 

Mottle top tobui CO. 321 
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Mottled euriy dwarf, potato, 2M 
Mottled I. af oioaaic, eurumhe^. 117 
Mottled moaaic. hop, 317 
MottJinit of lr>a\e«, oereala, 71 
Mountain ash. fire blight, 364 
infectious chloroaia, 266 
^whiu rot, 866 
Movemenut, heliotaciic, 186 
Mtuor 7 nri/ormt<, 604 
MuLuracen, 492 
Mucorales 491 
Mulberry hlatk rot, 6^18 
blight. 388 

mushroom root rot 840 
root knot, 896 

Mummus 39. 522, 616, 617, 530 
Mummifica|ion, .39 
Mummy pea«.h, 616 
l^uahroom root rot 17, 54 841 852 
alder. 849 

almond. 845 S49 850 
apple, 840 
apncot 840 
asalea, 860 
, beech, 849 
birch, 849 
blackberry 860 
canna 860 
(.arrot 860 
cedars 849 
cherry, 849 
chestnut 849 
citrtui 846 850 
dahlia 850 
fin, 849 

flcM^cring dogwood 860 

forest and shade trees 849 

grape 860 

hemlock 849 

larch 846 849 

locust 849 

maple 849 

mulberry, 849 

oak 849 

olive, 860 

parsnip, 860 

• peach 849 
pine 840 
plum. 849 
poplar. 840 
potato, 860 
prune 840 
raspberry. 860 
redwood 849 
rhcidodendron, 860 
rhubarb 860 
strawbeg'-y 660 

• sycamore 849 
walnut. 849, 860 
wild hasel, 860 

Mushr4x>ms 819 
Mush rot 494 ^ 

Muskrriflon antbracnose, 706 
MycoaphisreUa wilt, 661 
root knot 896 


Muskmelon. soft rot. 66 
Mustard, black rot 340 
club root. 463 
mosaic. 317. 318 
white rust. 438 
Chinese, 430 

Mutation, stem rust, 780 
Mutterkoru. 692' 

MyLeliB-stenlia. 066 

Mycelial fans. 696 

Mycohal plates, 696, 397, 820 

Mycelial strands 396 

Mycelium, pi mycclia 393 104 396 

Mycogone, 666 , 660 

Mycology and Plant Disease .Survey, Office of, 12 
Myooplasm, 786 
theory, 10, 786 
Mycorhisa, 38 
Mycosphnrella, 641, 690 
\fveospiuBrella brasBieola 661 
cUruUina 661 
Jragarut 13 661 
grcsfluZartcE 641, 661 
ilinodes, 661 
point, 708 
rubt, 661 
rubxna, 661 
senitna, 661 
tabifica, 661 
wilt, cucurbits, 661 
muskmelon. 061 
Myriapods. 6 
Mynca rust 813 ^ 

Myrobalan, cronu gall, 370 
Mystrosporium 697, 669 
Myxamoiba, 389, 466 
Myxom> cetales, 326 * 

Myxomyoetes, 389-391, 471 
Myxcjsponum, 998, 070 
Mvxo9por\um eortwolum, 706 
Myzua circumflezus, 300 
peratccB, 295, 306, 309 

vector of leaf roll, tr>mato, 322 
psetidosofant, 296 


N 


Nasmospora, 998, 670 
Narcissus, mosaic, 318 
Nasturtium, non-infentious chlorosis, 248 
* sunstroke, 143 
Neeutor amt^riefinua, 881 
Neoiuin, 769 
Naevurn farlowtr, H14 
Seek rot, gladiolus, 388 
Necrobiosis, 26ii 
Necrosis, 37 

cold, general, 167 
oonoentrio, potato, 287 
froet. potato, 133 
heat and drought, potato, 132 
Nectanes, bacterial entranoc through. .331 
Nectarine, brown rot, 533 
leaf ourl, 514 
yellows, 370 
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* Nm^ IM, 58S 
yMfria ciiuMfrartfia, M6 
gMgma^ 46 , 666 
ftpMMtS. 404 
N^rioidaoMi, 666 
Needle bUght, DouglM 6r, 661 
Negri bodies, 260 
l^ema, 880 

D ie eeeee, Offiee of, 12 
Nemeoide, for root knot, 807 
NeniM, daeeifioetioii, 881 
predatory, for root knot, 807 
Nematodee, 6. 450, 463, 880 
alfalfa, 808 
oitroe, 881 
diseaeee, 880-800 
barley, 880 
emmer, 880 
eraMM, 880 
oaU, 880 
rye, 880 
■pelt, 889 
wheat, 882-802 
egge, 898 
galle, 884, 886 
general characters, 880 
red clover, 898 
strawberry, 898 
sugar beet, 881 
Nematosporangium, 414 
Neocot moifivra vatxnfeda, 706 
Neofabrea. 67, 620 
Neo/abrm^ maUcoriicit, 45 
Neopeckia, 600 
Neopeekia eotUtert, GOJ 
NephotfUir apxealit, 261 
Net blodbh, barley. H03. 703 
Net necrosis, potato, 37, 306 
Nettlekesad, hop, 317 
Neutral lead arsenate, 237 
New York apple-tree canker, 63C 
NicarUlra yhyaoloidetf 484 
early blight. 677 
Niootiana, mosaic, 318 
Nigredo, 770 
Niter, burning, apple, 74 
poisoning, 76 
spot, Ti • 

Nitri&eation, effect of soil acidity on. 82 
Nitrogen, 58 
excesses, 72 

effect on disease resistance, 73 
on lodging, 72 
on quality, 73 
shortage, 63 
starvation, 121 
Non-parasitie diseases. 4, 68 
Northiella 9 acchari\ 261 
Nosperit, for grape, dowify mildew, 447 
Nosfigasen, fqr grape, downy mildew, 447 
Nubbin, cucumber, 317 
.VHmmu/arui^disrrcta, 060 
NumuIlarU, 690 

Nursery etook, dusting for diseases, 682 
Nutrition of seed plants, types, 868 ' 


Oak, black rA, 638 
eanker, 660 

ehesinut, Strumella disease, 48 
curl, 618 

eaetem gall rust of pine, 813 
Endothia parantxcth 663 
fungus, 842 
giant mistletoe, 869 
heat injury, 142 
leaf blister, 618 
mildew, 686 
mistletoe, 876 
mushroom root rot, 849 
root rot, 659 
Strumella disease, 704 
tar spot, 32 • 

wet-hoartwood rot, 854 
Oats, blade blight, 387 
crown rust*. 771, 774, 794, 816 
ergot, 601 

gray -speck disease, 71 
halo-bhght, 387 
kernel smut, 41, TM 
louae smut, 41, 757, 768 
nematode disease, 880 
powdery riiildeu, 670 
led-ieaf disesse 157 
speckled blotch, 602 
stem rust, 779, 794 
stripe blight, 387 
Ocean spray, witches’ broom, 318 
(Edema, 43, 101 
(Edoynyeet leproide*^ 481 
(Esophageal bulb, 880, 888 
(Esophagus, 880 
Oidiopsis, N7, 672 
Oidium, 968, 009 
(Hdium farinunutn, 674 
laxum, 523 
Oil, spots, 440 

sprays, injury from delayed dormant, 289 
from summer use, 230 
from winter use, 239 
types of injury, 239 
Oiled paper, shredded, 131 
wraopers, 180 
Okra, 602 
moai.ic, 318 
root knot, 896 
Olive, galls, 44 

knot or tubercle, 329 
mushroom root rot, 850 
tubercle, 385 
Olindiacetp. 456 
Olpidiaster, 466 
Olpidioder radint, 489 a 
CHpidium, 456 
(Hpidium brauictt, 489 
OmniTorous Phytophthora disease. 4 
Onion, black mold, 583 
bUgbt. 454 9 

(^mping-off. 837 
mold. 454 
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'Oman photopf^riodum, 108 
root knot 896 % 

■mudcf 684 
■mut 781 
•oft rot 188 
veKetabU rot 504 
yillow dwarf 118 

OOliConiuTn pi ouRoina 413 414, 416 4S7, Mi 
Oom^rttrs 411 664 
Ooplasm 416 
OdAphirr 414,436,417 
Oospora 666 , 660 
Oimpora pimtuhjt h 460 701 
potato 177 
•fab potato 175 
acnbifu 178 

Obsporc 402,401 41 1 416 417 436, 443, 664 
Open infriifoii bunt 720 
tank or aark riif tbods 720 
Operculum 520 
Opliiobolun 501 
Ophobolua tarmt 002 
grayminn 661 

Opium pf pp> dovi ny in)ld< v 454 
Optimuni for hist drvdopiuont 1 
Oi^HKi leaf lust sprit 704 

whrat 77 774 70 1 704 817 

rust aster 76” 
bla kh< rry HI 5 
• Roldon rod 767 
iiuado^^ ru« 704 
sooty mold 5H4 
tiratomas 165 

Orchard fruits fi stnns<(MJc 160 
(irrhard ^rass Hntl av s disias 112 
Ortliard In alt rs In 1 
Otfgon frrapr st in rust 7W 
Orffanu iiu n iir> loiiipouTids ^45 
for seal 182 

Orftanif iik n ury dusts smut 720 
Organs d( strut ti n )f 40 
rr placonioiit of 10 
transforniati m of 10 
OrnHhoffalluni ttuuifol u i 704 
umbiUntiim 794 
Orohaiw hat < le 860 
< irqbant he 5 
Orohuurkr mn ir 860 
OrihtKarpus pine rust 81 1 
Orton 10 

(>smotM f iKtntrati ii r#-l ( r lofrei/ing i j ir\ 
155 

Ostmlt 406, 40ti 406 
Overgrow ills graft mishts 161 
Ovrrnutntiiin 72 
Ovularia 666,^660 
Owana C 1: , 16 
OxaJis ruat, 767 
Oxyiin. 68. 60 
lark of 60 
Oyttcr fungua 857 
Oxnniiim 665 

Ornniuni UNM 54 K54 


Pacific coaat canker* apple, 661 
pear, 561 

Pa< ific coaat or California miatletoe, 872 
Paiihc i/Oast ruat, 816 
apple 816 
inccnac cedar 816 
pear 816 

Pahala blight sugar cane, 71 
Palisade fungi 664 824 
distascs 810 857 
truubits 852 857 
l^allor 81 
Pallor sulphur 71 
1 anaMt Ini ring 28 
Papsy doan> inildt a 454 
J upav^ curly leaf 418 
J^ara tnnkh p >tato 201 
I'fira rubbt r bint k thread 451 
leaf full 4 51 

Parafonnaldi hydt st i d injury 244 
Parapl vsis pi paraphyscs 408, 409 519 666 
1 arisitf 19 1 
J arasitn dist ist s 4 5 
I’arasiiu sttd plants 858 879 
grmips 858 

J m ifri ncir/tr*ili 28b 
3*ar< nt hyi la distaft s 128 
Pans naisv rroun gnll 561 
hairy r > it 570 
J ans gri n injur> «. -n 
] ursh V d \sii\ n ild< v\ 4^ 

1 arsriip tr v\ ii vail 560 
d V y »i)i It 455 
tiiimhro iin root r >t 8>0 
^ irihLt <H » fi quiiiQue/olia 447 
V 4i7 

} asMH n Miu u II dint Hs or built t dircosc, 318 
1 asit ur 1 uis 0 
IN a anthriii II st 687 
58(0 hvta bliiuht 661 
bat t( lint bliisht 5K6 
bt an iiiosait 364 
flow iiV miltlf u 454 
niiJdt w 571 
in wait 518 
powUt rv inildow 584 
Hhixor tonin dist ast 8 58 
root knot 896 
rH t rot 449 684 659 
rust 767 
stnak 518 

IN a h blar k sp it 585 
bifjssoin blight 5 54 
Hortii aux injury 226 
brow n rot 634, 686, 55 5 
buttons 274 
C aliforiiiH bllgid 5 5 
fanutr 522 636 
crown HOfl trunk cankt r 450 
frown gall 56t» 570 
f orl 507 
turl> leaf 507 

fliabnck 66H 
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Fteili. haekU. 708 
loe t^di 222 
leaf blitter. 007 

letf ewl. 38. 00. 607. Mt. 111. Ill 
leak, 400 

bm«-tulphur injury, 231 
little peach, 38, 273, 274 , 318 
mummy, 0M 
muthroom root rot. 840 
phony peach diteaae, 318 
powdery mildew, Mf, 584 
root knot, 896 

roeette, 47, 276-277, 17f, 318 
nut, 31, 767 
mb, 52. 612. 703 
ehothohng, cold, 158 
etorage mt, 004 

auAceptibility to Bordeaux injury, 228 
yellow 265-273, 247 
Peanut, moeaic or rneette, 319 
Pear, apple*tree anthracnoee. 561 
beltfsl fruita, 141 
bitter pit. 111 
bitter rot, 650 
black end, 121 
black rot. 629, 638 
blaok-Bpot canker, 561 
blight, 342 
blossom 37 
body, 17 

fare, 37, 45, 323, 128. 354 
fruit, 37 
leaf, 37. 501 
twig 17 • 

brown heart, 138 
brown rot, 525, 528 'JIJ 
buds wmtei^ii*jur> If)') 
canker 029 • 

and fruit r »t 5( 1 
crown and Trui.k < inker, 450 
eastern rust SI 5 
1 uropcan lanktr, l)5() 
leaf blister, 518 
leaf spot, 620, Otn 
leak. 490 
lithiasiB, 52 

mushroom root rot, 849 
Pacihc Coast raider, 5f>l* 

Pacifac Coast rust 810 
Phytophthora fruit rot, 45J 
powdery mildew, 579 
Hhixoctonia disease, 838 
ripe rot 059 
rots, 57 

Alternana, 57 
Botrytis, 67 
Glomerella, 57 
Neofahrsa, 57 
Penicillium, 57 
Physalospora, 67 
Selerotinia, 57 
rough-bark disease, 62 
rust, 803, 868 • 

scab, 623, 062 
8eptobasidium canker, 858 


Pnar, sumptibihty to Bordeaux injury, 220 
western rust, 803 
Pecans, orown gallf 369 
root knot, 896 
rosette, 47 
Peokinesa, 857 
Peoky wood rot, 857 
Pedtoellatr, 768 
Pedicularis, 85Q 
Pedirularis-pine, rust, S]3 
Peiargonium, 310, 388 
ieratonuis, Vt5 
Peltioularia, 6(50 

Penioillium. 57. 118, 394. 404, 5(i3. 444, 609 
PenirtUtutn titf/ itatum, 5S1 
ejtpttntum, 5S1, 702 
ifjftrum^ 683 

potato, 377 ^ 

Prnntgffum i)/phoidpnm, green-ear disease, 39 
Peonv, Phjtophtbors blight, 451 
ring spot, 319 
ro>l knot, S96 
Pepper, ha'»tcnal spot 386 
brown rot, -{SO 
grass club r K>t, 451 
white rust 43H 
mlectiouH chlorfuue 319 
late blighi , 427 
inoeair U9 
root kuf)i S0(> 
vegetable rot 'wJt 
Perfe< t slagit/ t>f»4 
PenconiR, 447, hhO 
i'er»der»niunv 7(>4, 771 
(ause ol ie‘ iiiohih Sj 
I Intinum '•14 

galls 44 m 

IVndmin p> i*ndu l‘M) /(ij 7Sl, H05, H21 
* Pirjplasm 4Ht 487 
Pinsporiareu *i''4 

I enspormh's f»l 4 
IVrilhecial )< fitsiU '"‘in 
}*fn*heMum, pi j)#ritl)»(ia 404, 400, 544, 571 
579,578 "iST 597 407, 690. 622, 437, 449. 
Periwinkle, non infeHi )im ehtnosis, 24S 

I rkinurUa xncthnri taiie It af hopper, 326 

I I nmoplaMiuopara 4 IS 

} trononln^moim-n. n* 1' i 

humiJt, 453 

Peronospora, 405, 417 41 h 459, 454 
Ptronospora ar/jorrerens 454 
hyjoarxtamx 454 
paranticn 4 H, 437, 454 
gchfictUti, 454 
nrhlnHent, 454 
ft ) Mt 454 
sptnarittt 464 
trt/oluvrwn, 454 
meter, 464 
itefes, 454 
nlteMn, 442 

PeroDoeporaoeu, 414, 417, 452 
Peronoeporales. 413 
PestalosBia, Mt, 670 
Pestalostina, Mt, 670 
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Patafbdy, 72 
P«tain», Ut« blicbt, 4d7 
t moMie, 810 
nog spot, 810 
Penules, 810. 820. 880 
PUeiduMM. 820. 861 
PbaeidiAlai. 810. 820. 888. 861 
PhAttdiIdU, 521 
Phaetdtdla dtseolor, 801 
Phae^dtum itudteagtnts, 548 
Phsoaepton*. 070. 071 
Phmko 0 pora. 760 
Phakotpora wIm, 813 
Pkid*r». 248 
Ph*U*lM. 822 
Phftrynic. 880 

Pluueoltui acuUfolvut ^nthrmenoM, 087 

auttU8, 087 * 

luruUua, 687 
mu/<^orU«, 687 
ntltfartM, 218. 670, 687 
Phdipa ramaaa, 860 
Phenol. 203 

Phenolic oompounde. relntion to ttem ruet resiet- 
ence. 787 

Philippine downy mildew, corn 462 
^ eorghum, 452 
teoeitite. 452 

PhUodendroti, moeair, 114 
Phl^porn. 670 
Phloim neoroeis. 256, 281 
coffee, 316 

poUto. 132. 287, 386 
obliteration, 286 
PholioU, 824 
PMu4a adijioaa, 857 
Pborna, 470, 555. 670, €71 
Pkoma bet9 54. 661 
decpniritvo, 708 
pomt, 103 
itngam, 708 
iuberosa 470 
Phomopeic 57, 670 
Pkomapsts ctirt, 709, 7l0 
tezana, 700 

Phony diflcast , peach 118 
Phoradc^dron 6 860 872 
Uharadendron cah/urmeum, 872 873 
ealycuiatuni 873 
engelmauNt, 872 874. 876 
/laveacena 872 877 
jumpFTtnum 87 1 
ithoredrt, 873 
maeropht/Uum 872, 873 
ttUoaum, 872 
Phnephorua, 58 
deficiency, root crope, 71 
Photopenod, 196 * 

Photopcnodiem, 196-199 
lettuce, 198 
onions. 198 
poinsvttia, 197 
ipinach, 197 
tobacco, 198 
wheat, 197 


Photogyntheeii, 188 
Phragmidtum. 770, 818 
Phraffnudtum tmtiana, 818 
Phyoomyeetes, 456 
JPhyilaehora, 32, 589 
PhnOaeAora fframtnta, 608 
in/dtt, 657 
PhyUaetinett. 572 
Phynaciima, 569, 871 . 572 
PkpUadtnta corytaa, 868 . 566. 686 
Phyllody, 39. 72 
PhylloetioU. 670, 871 
PhyUEahda UmUata, 630 
prunieoito, 62 
pyrtna. 630 
satilaria, 700 

Phyfnatdrtckum omnitorum, 701 
Phsrsalis, mosaic, 319 
Physaloapora, 57, 590, 630 
Pkyaaloapora eydonuB, 630, 635 

malarum, 29. 40 629 632 634, 635, 687 
paeudodtplodta, 635 
Phyaanim, 391 
Pkyaarum ttnereum, 391 
gyroMum, 391 

Physiological strains, apple scab, 624 
bean anthracnose, 688 
eariy blight potato 677 
mistletoe, 877 
pear scab. 624 
rust 771 • 

Pbysoderma, 456 

corn, 475-479 w t 

Pkyaoderma zuK-tnaydia 475 478, 477, 477 
PkytopeUa firi, 813 
vtlts. 813 

Pkytobacier lycoprrateum 114 
Phytomonas, 324, 887 
Pkytomonaa rampesire 338 
tumr/ariens, 306 
Phytopathologists, 1 
Phytopathology 1 
Journal of 18 

Phytophthora, 414, 415, 417 
blight 672 674 
peony, 451 
diBCBsr. lilac, 45.' 

Pkytopktkora eaciorum, 451 
tambivora 451 
rttropktkora 460 
colorafice, 451 
cryptoyt'a 452 
aryikrosrpiica 450 
/aberi, 451 
ktbarnalt* 452 

tn/taiaNA. 8 29 55 422 436, 672 
conidium 484 
potato, 419, 483 ^ 

Eodsporangium. M4 
mexicoNo, 450 
nieottmnm, 451 
paonta, 451 
palmitora, 451 
pflfiMiltea, 461 
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Pkytophihora eadoirum, pktUEoK^ 461 
synnpff, 4ftl. 462 
t»re$tna, 4M), 4A1 
Phytoptiu. 47 
Picn, ni»t, 767 
Pteea exet^, 218 
Pileut. 410 
Pin^, black rot. 638 
blister ruat, 767, 812 
brown-felt bligbt, 662 
-Commandra, rust, 813 
eastern gall rust, 813 
-goldfa rod. rust, 812 
leaf oast. 42, 662 
mnshrooR] root rot, 840 
red-brown root and butt rot, 886 
scaly mistletoe 871 
-sweet gale, rust, 813 
twig blight, 661 
witches broom, 47 
yellow n^t rot, 863 
Pineapple, black h^rt, 701 
ehlornsis, 76 78 
disease, sugar cane, 658 
rot. 701 

yellow spot, 310 
Pink spray. 681 
Pinks, anther smut 41 
rust, 767 

Pinon pme, blister rust 813 
Pinpoint scab, apple, 616 
Pinus 767 
PtnuB montico}a, 767 
Hrobug 767 * 
wrgtntana, 44 
Piper. 18 

Pinrulana 666,660 
Ptrxcularin ory7<r 708 
Pistillod^ 12 
PttMm ratjpum 607 76"' 

Plant discasi agnrulturul nr romnirrnal aapoot 
of 1 

defined I 

individual aspiet of 1 
kinds of 4 
non parasitic, 4 
parasitic 4 
systemic, 2 • 

virus, 4 

Plant parasites, 5 
alga* 6 
bacteria 5 
fungi 6 
seed plants. 6 

Plant pathology m Amcrira, 11 
Amcrnan eontributions to 14, 16 
beginnings of 7 
defined, 1 

early modern era, 7 

formative era, 7 

place o^Germany in, 8 

province of, 6 

in the several slates, 12 

in State departments of agnculture. 13 

in U B nepaftment of Agneuliure, 11 a 


Plant Quaranflns Act, 18 
Plant Quarantine and Control Vdministratloii,^ 
12 • 

Plantain, bunchy top, 310 
Plants, air relations, 124 
long-day, 106 
shade and sun, 187 
short day, 106 
Plaamodiophora, 466 

Piatmodtophnra hraisira, 44, 457, 460, 461 
sonant, 261 

Plasmodiophoracesp, 466, 471 
Plasmodium, pi plasmodia. 380 461 , 461 
Piasmopara. 57, 418 
Plaimgpara haltiedu, 4.'>,^ 
nwm, 453 

ittteola, 430. «41. 442 
Plectodiseella, 663 
PlfctodxHfflla iftifta, .583 
Pleetodiseellaces*, 5ti3, 

Fleet 'jspira. 413 
f tFftftspira utmmifera, 440 
mynondra, 410 
Plenodomus. t>70 
Pleosphteruiina 601 
Ph otphctrultna brtogtann, 64h, 6l)2 
spot, alfalfa, ,54(> 

Pleospora, 501 
Plfogpnra urnm^nfuif Ofii 
Pleurotus, 824 
PUurolus otiirtniw* 857 
Plownghtia, 580 

Ploijprtohiui rrftrhosri 44 (»0l 667 

(>5H 

tn/oht, 0,57 
Plunks 534 

Wart knol 44 MM, 606 b0<» 

black ,n, 330, 3«S 

blocKoni Hilt 520 

briinn rot 52S, 533 

V'ald »ri la b'lght, 707 

eroHii gall, 3t)t> 

crown and trunk riinker 450 

diebark t»5'3 

fire blight, 354 

fruit rot, 520 

Japanwe rust, 30 

leaf spill, fit i 

leak, 400 

mushrooir root rot, 840 
pockets. 39, 517, lit 
poHder^ mildew, 670 
root r'»t, 653 
rosette, 1^77 
rust , 767 
« >thnle, 667 
shAtbohng, cold, 158 
wart, 603 
yellows, 270 
Plurivorous rusts, 771 
Pott onnua, 504, 601 
eompregga, 780 
pratengiM, 604, 780 
Pod, blight, btaia bean, tfiO 
sankeif , baan, 67) 
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Pod, rot and eankor, eooao, 451 
■pot, bean, 070 
Podoeplum. 600, 171. 572 
^ * PoditEphtEra leutudrteha, 52, 574, 570, 577, 070 
oztfOEanihmt 577, 505 
pQtDMttiA, leaf curl, 310 
photoperiodiam, 107 
Pointe t^runa de la ehair, apple, 102 
Pokewe^. moeaie, 319 
Polieh wheat, 727 
PolVn craina, 455 

Pollination effect of exoeea moiature on, 102 
Polymorphum, ruat fungi, 762 
Polyporaces, 023. 854 
Polyponic, 410, 823 
PclypoTUE acAwetnUnt, 856 
EquamoEUEt 856 
Evlphurtim, 306^307, 856 
Polyitictua, 824 
PolyEtte^E htTEUtuE, 85f, 856 
pErgamenuEt 856 
iFrEteoloTf 856 
Polythnneium. 007, 660 
Polythrtnctum tn/olu, 657 
Pomaatin, 582 
Pome fruite, brown rot, 30 
June ^op, 42 
Pond aoum parasites. 455 
Pony refrigerators, 400 
Poplar, anthraonose, 561 
cnhker, 710 
catkin disease, 517 
crown gall, 369 
dieback, 662 
European canker, 711 
Hypoxylon canker, 060 
mushroorntfoot rot 840 
rust, 767 814 
larch, 767 
■cab, 662 

yellow blister leaf, 517 
Poppy, downy mildew, 454 
soft rot, 388 
Populus, 767 
Pore fungi 410, 826 
Poria, 823 
Porta eoeoEt 308 
incrossq^, 855 
Poitvlaca oltrarfa^ 40, 452 
soitva, 452 

Potash, fertilisers, for frost resistance to potatoes, 
103 

hunger, 68-71 
potatoes, 60 
tobacco, 70 

salts, effect on scab, 380 
shortage, relation to drought injury, 60 
to decay, 69 
Potaaaiuni, 58 

Potaaaium chloride, for ergot sedimentation, 

602 

effect on blossom >end rot, 119 
Potassium sulphate, eAect on^nd drown, 62 
Potato, aeroneerosts, 200 
AeUnEmycEE seohtes, 378 


Potato, actinomyoogis, 375-888 
Amerieaa seab, 875 
apical leaf rcOl, 307 
arsenieal powoning, 074 
auouba moeaie, 202 
bacterial wilt, 132 
bUek heart, 37. 1J8, ISO^-IST 
black leg, 54, 182, 308, 328, 886 
black scab, 375, 470 
black scurf or Rhiaoetoma scab, 376 
black wart, 470 
boron injury, 84 
brown rot, 132, 386 
brown scab, 375 
brown spot, internal, 132 
bundle browmng, 36 
button rot, 138. 470 
oabco, 

(wnoer, 479 
canker. 467, 470 
cauliflower diaease, 470, 480 
collar fungus, 828, 836 
oonoentno neerosds, 287 
corky s«ab, 877, 375-884 
Cortioium, 881 
ennkle. 200, 201 
-A. 201 
moeaie, 201 
curl, 301 

ourty dwarf, 37, 50, 201 
deep scab, 375 
degeneration diseases, 286 
dry rot. 422 

early blight, 33, 672 670, 478 ^ 
physiological strains, 677 
eelworm, 132 
Eisenfleclagkeit, 132 
ejilarged lentioels, 101 
frost necrosis, 163, ITfl 
of leaves,U71 

frost resistance and potaah fertalisem, ifM 
fumigation injury, 221 
Fuaanum, 132, 303 
blight, 132 
wilt, 705 
■ale, 376 

giant hill, 286 ^ 

hollow heart, lOO!! 122. 133 
hopper burn, 143, 147, 674 
internal, brown spot, 86 , 37, 287 
froai^ecrosis, 172 
intcrveinal mosaic, 292 
jelly-end rot. 132 
Kr&uselkrankheiten 301 
late blight, 20. 37. 54. 480, 481 
Bordeaux for, 428 
copper-arsenic dust for, 428 
copper-bme dust for, 420 
dusting for, 420 • 

and rot, 419-431 

Sander’s oopper-hme dust for, 428 
■praying fr»r, 428 
latent virus, 889, 290, 201 
leaf, curl. 301 
dnop, 200. 201 
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Ptitato. Inf. drop, ■(mk* Ml. 

roU. 50. 1S3. 3M. 301-012. 301, 304, 310 
fenuitmittioii. 800 
roUinf monie, 204 
■pota. 0T3 
Ink, 450 

or moltara, 182 
Iratioob, •nlarfoA. 877 
leptoneomit, 805 
limo-ftulpbur iproyinc, 288 
loM from lata blight, 426 
low-tamperaturr injury, 171 
marginal Inf roll. 306 
mrltara, 409 

monio, 254. 286-801. 310 
aucuba, 202 
dwarf. 201 
Inf roUing, 200 
mild, 200 
rygoae, 230, 201 
auparmild. 200 
mottla. 200 

mottled curly dwarf, 234 
muahroom root rot, 883 
neeroaia. 132 
froai, 133 
net. 37. 305 
nematode, 881 
05apora aeab, 376 
OSMpara ptutulant, 377 
9cahima, 378 
para-crinkle, 201 
phloim neeroaia, 132, 287, 305 
Phyl4tphM>ra in/emant, 410, 488 
powdeiy Mb. 375, 374. 447-476. 4U. 470. 612 
pox. 835 

primary Jnf roll, 810 
paeudo-net neoraaia. 305 
payllid yellowa, 284 
Rhiaoo^nia, 303. 880 
diseaae, 38 827-841, 8100 
anb. 375 

root knot. 084, 804 
nematode, 132 
root nematode, 300 
root rot, 459 
rot. 450 ^ 

nigoae moaaia, 200 , 201 
running out. 204 
ruaaet dwarf, 201 
anb. 375, 412 
typn, 374 
Schorf, 375 
aclerofja, 322 
Rhiioctonia, 332 
aderotium, 334 
aecondary leaf roll. 310 
ailver acurf. 376, 377. 7n* 
akin apot, 377, 701 
alimy aoft rat, 182 
apin^e tuber, 234 
apfindling aprout. 37, 305, 344 
■prain, 287 * 
atom-end browning, 132 
atlpple atroak, 201 


Potato, aun aoald. 100, 182 
aurfaee bmkdown, 134 
iwnt, 134 

tip burn, 148. 144, 474 

top neeroaia, 200 

turning aweot, 163, 172 

bypea of injury, low-tamperature, 171 

unmottled curly dwarf, 201 

vein banding, tOt, 201 

Vertioillium wilt, 132. 803 

violet Khiaoctonia, 833 

virulent latent vinia, 201 

waH. 377. 480, 470 488, 488 

warty diaeaae. 479 

Wet rot 422 

wilt 702 

witches broom. 40, 48. 284 
x-virua, 201 
yellow dwarf. 291 
y-virua, 201 
Poulard wheat, 727 
Poumdie. 842 

Powdery mildew, 52, 543-584. I48, 444 
apple. 574. iT4. ITT, 570 
barley, 571 

biological apecifa, 570 
Broroua, 570 
cereal. 585 
pherry, 84, 570 
elaaaification. 572 
clover. 584 
compoeite. 585 
cucurbit, 585 
EryaiphaceaR, 565 
grape, 585 
graea. 586 
hawthorn, 579 
June berrv, 679 
oata, 570 
pea, 584 
pnch, 144. 584 
pear. 570 
plum, 570 
quince, 570 
roae, 584 
Tnticum, 571 
wheat, 570 

Powdery acab, eaadcaiwua stage. 440 
potato, 376, 370, 407-474, 400, 470, 612 
apore balls, 470, 471 
sulphur for, 474 
susceptibility, 474 
Pox. potato, 835 

Predatory nemaa, for root knot. 807 
^^veoaking for loose smut. 742 
to eliminate seed injury, 245 
Pnllieux, 10, 17 ^ 

Privet, infectious ehloroab, 264, 355 
Profit sharers, seed plants, 858 
Progametangia, 400 
PrdifaratioB, 40 
Promyoelium, 403. 412, 

768. 744, 788, 804, 840 
Propfenbildung. potato, 287 
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Proiiomoa/i fi, 45fi 
r«lAtioii to viroMis, 360 
^*TjAnM» brown rot, 533 
* crown and trunk conker, 450 
droocht spot, 122 
fire bhebt, 854 
muehroom root rot, 849 
•ilvenng,rl68 

Pruning, for npple powdery mildew, 580 
for imetletoe, 877 
Prunus ameneana, 009 
amwn, 553, 556, 557 
oarottntana, crown gall, 370 
eeratut, 553, 557 
demttaa, 557, 609 
donuALtea, 557 
crown gall, 870 
Hunjtdta^ crown gall, 370 
tnAlttUxa^ crown gall, 370 
padui, 551 

pumtlat crown gall. 370 
mahaJeb, 55d, 557 
penntylvantca, 563, 557 
acroCtna, 557 
vtr^intana, 557, 610 
Pseudomonas, 127 
Paeudomonaa albiUtneana, 387 
bripWota, 387 
oirofarxenat 387 
betit^a^ 387 
eampestrta, 336, 337 
ftirbennr, 385 

erranMv, S3, 3%5 

catrt^ 385 
cUrtpiUealf^ 385 
cor/iiio/nrt^n«, 387 
delphtnw, 388 
dtaa<^vens, 387 
erodtx, 388 
holct, 387 
hyacinlht, 38b 
juglattdxfi, 388 
lachrymanit 386 
maexdxrolum, 386 
nudvaeforum, 328, 387 
tnarf/tna2t«, 38G 
marffxnata, 388 
medxeayxfixa, 387 
nxorxt 388 
jtapulnna, 185 
pelarffonx, 388 
phfiatoH 385 679 UKJ 
*i88 
/n«i 186 

pTunx 310 385 
rhxzogrnra 13*) 360 3b7 
rubrdintiini> 387 
aapaalanoi 44 139 185 

0 f/la /lacrar u m »8b 
HTw/arteHi, 387 
ayrxnga 385 388 
kabacx 387 
infoixi 548 
trx/oitofum^ 388 

lMm«i/actrs«, 18, 44 329 360, 366 


PaexadAmonaa iranatxaetma, 887 
lnM0«farttn^ 887 
w&ieadona, 886 
viruiilxpidum, 886 
vUtana, 386 

Pseudo-net necrosis, potato, 805 
Pseudoparenohyma, 409 
Pseudopesisa, 520, 541, 548 
Paexadopnua medteagxnxa, 42, 545, 540, ^4^ 647, 
548, 846, 560 
rxbta, 540, 542. 548 
traeheiphxla, 561 
infottx, 548 
Pseudosphnnalee, 606 
Psylhd yellows, other hosts, 286 
potato, 286 
tomato, 822 
PayUxoxdea d^nxa, 295 
Ptdea irxfeixaia ourea, 265 
WMrxegtUxa, 265 
Ptens, leaf curl, 49 
Puooinia, 32, 766, 777 
Pxiccinxa arUirrhxnXf 816 
cLsparagt, ^10 
bullerx, 40 
ehryaantkfmx^ 816 
coronata, 771, 794, 816 
dxavrraa, 771, 794 
fendlerx, 790 
/raxxnata^ 38 
glumarum, 771, 777 , 816 
gramxMx, 771, 774, 777 , 779, 761, 783. 794 
af^rroatxa, 780, 783 
axrtcft 780 
avmo;, 779, 783 
hordex, 780 

phl^xpratenaxa, 779, 783 
poa, 780 
x^eatxa, 779, 783 
trxtxcx, 779, 783 
hehantkx, 817 
nuxlr net arum, 771, 817 
mtrabiliaainxa, 790 
aarcttbzUx, 767, 771, 817 
simplex, 794 
xorghx, 817 

aubnitpva, 7l>7, 771, SI 7 
<r»acma, 771, 777, 191 794,814 
Pucciniaceir. 770, SI 5 
Pucciniastnim, 7(>9, 814 
amerxean^m, K14 
Pucexnxaatrum minimum 814 
hydrangea 816 
myrtiilx, 814 
Pucci niola 770 
Puff balls, 411. 819, 821 
umoking, 41 1 
Puffing of HporcH 409 
Pull-down, 861 , 

Pumpkin, downy mildtw 451 
vegetable rot, 604 
Punku. 55 

Punky disease apple 101 122 
Purnell Hill, 11, 14 
Purple^heaik spot, corn 694 
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Purplcf, 882 

PibiIam, white rutl, 40, 482 
Pyimid. 404, 888 

Pyenidium, pi. pyonkUe, 488, 406, 848, 84T, 666, 
686 

Pyeniuni, pi. pyenie, 408, 406 

diioovery of function, 20, 763, T84, 7X0, Tti 
Pyonioapore, 768. T84 

Pycnoapore, 408^ 407, 647, 880, 888, 696, 887 
Pyracantha eoecinea, 354 
Pyrenomyoatea, 587, 664 
Pyrenopesiaa, 520 

Pyrtnopetita medieafftn%», 42. 546, 561 

Pyraaophora, 501 

Pyrenophera triehottomat 663 

Pyridin, 203 

Pyrrol, 203 

Pyrus, 623 

Pyru 0 eaUeryanot 355, 359 
ecronaria, 808 
ioioenau, 808 
M«urtenrt«, 355, 350 
Pythiacen, 413. 414. 440 
PythiaoyatiB, 57. 415 
Pythium. 414 

aeedhnff blight, corn, 450 
alendniH, 450 

Pythium aphamdormatum, 450 
arrhenomanfs, 450 
eomplectetm, 450 

debnryanum, 35, 55, 414, 449. 450, 409, 837 
pslarffOfiii, 450 

Q 

Quarantines. 12 
againA wart, 485 
Quercus alba, 65^ 
yarymia, 849 
nigra, 875 
prinus, 663 

(Quince, bitter rot, 650 
black knot, 370 
black rot. 620. 638 
brown rot, 533 
canker, 629 
crown gall^370 • 
eastern quince rust, 815 
fire blight, 354 
leaf blight, 561 
leaf spot, 629 
leak. 499 

Pacific Coast rust, 816 
powdery mila< w, 579 
Pipe rot, 659 
rust. 808 

susceptibility to liordeaux injury, 229 
wi ‘Stern rust, 803 

R 

Radekruiilthvit, 882 
Itadisb, black root. 449 
black rot, 340 
dub root. 46J1 


Hadiah, moaaio, 310 
Rhisoetonih diaeaie, 838 
loab, 881 

white rust, 30. 438 
Rafflflsia, 800 
RaJfUma arnaldii, 860 
Mckadtnbergit, 801 
Rafflesiacew, 860 
Rag-doll germinaiors, 698 
Ramularia, 888 , 069 
Rankin, W. H., 18 
Rape, black rot, 340 
olub root. 463 
mosaic, 317 

Haphanut cattdaiu*, 438 
RopkantM safirus, 438, 458, 463 
Raspberry, anthracnose, 583 
bacterial blight, tfO • 

bluostem, eastern, 319 
cane blight. 602 
crown gall, 366, 369 
fire blight, 3.54 
leaf curl and mosaics. 310 
mild mosaic, 310 
mild streak, 310 
orange rust, 816 
red-raspberry niosaic, 319 
Hhisoctonia disease. 838 
Rhizopus rot, 409 
severe streak, 319 
spur blight. 56J * 

western rust, 818 
yellow mosair, 319 
yellows, 319 

liathay’s disease, orchard grass, 332 
Ray blight, chrysanthemum, 710 ^ 

Razoumofskya, 5, 47, 859, 878 
Red-brown root and butt rot. conifers, 866 
pine, 856 
Red buga. 103 
Red cedar, apples, 44 
rust, 803 

lied clover, nematode, 898 
rust, 815 

Red heart, lettuce and cabbage, 138 
rot, conifers, 855 
Red leaf, cranberry, 853 
disease, oats, 157 

Red-raspberry mosaic, raspberry, 310 
Red ring, coconut, 882, 800 
Red rot. 857 

western yellow pine, 658 
Rod rust, 31, 763. 774 
Red spiders, 5 

Red stripe disease sugar cane, .'187 
Redwood, mushroom root rot, 849 
Refrigeration, injury, 222 ^ 

strawberries, 499 , 

Heiiner's formula, for 6re blight, 357 
Heisigkraiikheit, grape, 317 

Relation of tciiiperatun* geriiii nation of corn 
smut. 751 

Residual, smut, 71^ 

Kesin, flow, 842 
glut. 842 ^ 
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lUai&o*!*. fiZ 
ooniferouft treoi, 53 
Reiistiukee to» dub root, 453 
dJwny nuldeWf frupe, 445 
dinkinc amut, 728 
Rcdot&nt dock for nroHO call. 372 
ReowtonI yaneti<^, 19 
braedinc of^ 19 
fire biicki, 355 

Reversion or nettlphead. currant. 317 

Rbabdorline. 521 

JUkabdoeline pMeudotMugmt 551 

Rhabdoepoi^, 670, 5T1 

Rhamnua, 794 

Rbinanthaoee, 859 

Rbinanthua, 859 

Rhipeaha, 873 

Rbinna. 510. 520 

Itkunna lyt/tcta, 550 

Rbinnarea, 3^0 

Rhiaoctonia.^5. 52. 399, 555. 810 

bate. 828 

bidocical ntraina 838 
rraaortim 828, 833 
diaeaae, bean. 582. 838 
beeta, 831^ 
carnation. 838 
carrot, 838 
efcplant, 888 
^ettuee. 835 
pea, *338 
pear. 838 

potato, 38. 827 841. 800 
radiali, 838 
raapberry ranea 8^8 
Bweet potato, 838 
‘CCplant, rottinik of fruit, 838 
fruit rot, tomato, 838 
m^dteofftm* 828 

poteto, 303, 8X0 
rot, 827 

rottinc of fruita, 838 
aeab. potato, 376 
aderotia. potato, 832 
adoat, 838. 834. 886 
atrawberry, fruit rot, 838 
ddorea, 828 

Mkv«morpka tZeortusalt*, 842 
' auMa/ranaa, 842 
Rbiaomorphie root rot, H42 
Rhisomorpha. 305. 800, 820. 843, 848 
Arm^larun md/ro, 848, 840 
free, 845 
aubeoritoal. 845 
Hhisopotls, 6 
Rbiaopua, 491. 497-490 
aerial hsrphM, 40S 
OiMaaea, 402-501 
fimformtM, 604 

a«#rtcaaa, 402, OOftt 4lM» ava, ave, 405, 408, 400. 
508 

aedeawa, 504 
root bypfas. 40t 
ret, apple, 800 
biaektMrriea. 400 


Rbiaopua, rot, corn, 500 
currantc, 499 
raapbemea, 499 
aweet potato. 404-407 
tomato, 490 
aporancia, 401 
aporangiopborea, 408 
atolon, 408 

Rhododendron, hemlock, mat, 814 
mosaic, 310 

muahroom root rot, 850 
Rhubarb, crown gall, 370 
crown rot, 451 
foot rot, 451 
znoeaio, 319 

muahroom root rot. 850 
rot, 451 

Rkua tt/phtna^ 553 
Rhynohodiplodia, 8T1 
Rhytiaroa, 32, 521 
Rhytiama ocr^’tnum, 561 
pa^udopiaianxt 561 

Ribbon graM, non-mfertioua c^ilnrosia, 248 
lliljea, 767 . 

Rtbta aurrum, 544 
blister mat, 812, 813 
mitrunif 544 
pmon Tu*»t, 813 
t)ro»tralum, 541 
rubrum, 544 
Rice, black smut, 760 
blast, 703 
c»>id injury, 157 
downy mildew, 452 
falre smut, 657 
straight head, 12 1 
stunt disease, 251, 319 
Rim bound, tobacco, f>l 
Rim fire,' tobacco, 70 
Ring disease, hyacinth, 89S 
Ring mosaic, tobacco, )21 
Ring rot, apple, 630 
caulifiower, 661 
a\%eet potato, 494, 495 
Ring shake. 857 
Ring spot, carnation, 703 
lettuce, 707 

peony. 319 < 

petunia, 319 
aweet clover, 320 
t»»bacco, ,121 
Ripe rtit, 522 * 
apple, 650 
grape, 050 
quince, 650 
Ritaema-Bos, 10 
Robbera, seed plants, 858 
Robigalia, 774 

Rceateha, 764, 771, 803 , 

Aarafdia pyrata, 803 
Rogueing, 312 
RdUing, leaves, 50 
Rnncet, Cacao, 316 
grape, 317 

Root asphyxiation, 50 
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Root bUtht, sutar beet, i4Q 
Root erope, oraeldog, 100 
phoepborue deficiency , 71 
Root dieeMe, auter oane, 857 
Root calls, 882, 802-898 
Root hyperirophios, gas injury, 206 
Root killing, 163, 166 
Root knot, 38, 360, 882, 802--808 
nematodes, 334 
potato. 132 
potato, 894 
tomato, 893 
Root nematode, 898 
cotton, 898 
lily-^f -the- valley, 898 
potato, 898 
violet, 898 
Root rot, 826, 836 
alfalfa, 64 
apricot, 659 
beans, 584 
cherry, 669 
conifers, 560 
grape, 659 
oak, 659 
pea. 449, 584 
plum, 659 
potato. 659 
tobacco, 684 

Hoot stalk and ear rot, corn, 657 
Root tumors, 3()0 
beet, 489 

Roo^ water mold, sui^ar cane, 449 
tomato, 449 
Honpa armoracta, 43H 
nagturtium, 438 
llofle, black rot, 038 
black spot, 32, 586 
JOloom, cranberry, 39, 410, 852 
blotch. 586 
brown canker, (>60 
cane blight, 662 
oane rust, 818 
crown gall, 393 
downy mildca, 454 
fire blight, 354 
hairy root, 37# , 

infeotTous chlorosis. 316 
kings, 73 
mildew, 571 
powdery milrica, 581 
red disease, vihrst kernels, 323 
root knot, 896 
rust, 818 
f»r Sharon. .WO 
will or diebaek, 310 
Hrsiellinia, 500 
Hoarllinta earyor, 659 
riecatnx^ 659 * 

• ^uerefna, 659 
Rosette, 47, 828 
apnoyt, 277 
apple, 47 
cherry, 277 
disease, 835 


Rnsette, lettuce, 386 
peadi^ 47. it#, 276-277, 3U 
pecan. 47 
plum, 47, 277 
sand cherry, 277 
wheat, 277-280 

or witches' broom, carnation, 365 
Roetfiecken, apple. 612 
Roairup, 10 

Rosy aphis, cause of sCigmonose. 52 
Rot, brown, corn. 691 
cranberry, 669 
dry, 63 
grape, 439 

jelly -«nd. potato, 132 
leak or melvers, potato, 132 
pineapple, 701 
potato, 132 450 • 

slimy soft, potato 132 
soft, 53 
vegetable. 504 

Rotation, of crops, fur yellow berry, 68 
for wheat nematode, 890 
for crown gall, 372 
Roter Brenner, grape, 561 
Rotifers, 456 

Rotterclam-B disease, tobacco, 321 
Rotting 53 

of fruits, Rhisof toma, 838 
Rough bark canker, 52 
disease, apple, *52 
pear, 52 

Round worm, 880 

Rubber, black thread and leaf fall, 451 

Rubber canker, 63 

Rubber plant. 41 

Rubigaiia, 771 

RubuM, 354 

antnrai ntaie. 583 
leaf spot 661 

Rugose mosHic potato, 289, kb! 

HumtJT ctxvpu^ crown gall. 370 
Running out, potato. 294 
Russet dwarf, 836 
potato, 291 
rings 161 

Russet stab, 827, 829 
Russetiiig, frost injury, 51 
not, 52 

spray injury, 51 
Rust, Ai’aos, 40 
alfalfa. 546 
rlmond, 767 
alsike 816 
anemom . 787, 815 
apple. 767. 796-811, 799 , 800 , 801 
apricot, 767 
ash, 88 

asparagus, 816 

barberry, South Aniertcan, 40 
baric V, ■’71 
bean, 679, 682, 816 
beet. 767, #l7 
• blueberry, 814 

etrni^ien, 815 
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etdmt, 706, 801 
obMTy, 767 
ohrsTMiktheinum, 816 
olor«r, 816 
coffee. 816 

CommaDdra'pine, 813 
Compfcofiia-pine, 813 
corn ,4 767 
cytolocy, 772 
Euphorbia. 40 
hf. 813 
fir-poplar 814 
flax. 814 

fungi t diaraeea, 762-818 
golden Tod-pine, 812 
grape. 813 
hawthorn. 808 
hemlock-hydrangea, 814 
hemlock-poplar, 814 
hepa^oa. 767, 815 
hoUyhook, 817 
houseleek, 811 
huckleberry, 814 
hsrdrangea-hemlock, 814 
Inoenae cedar, 803 
Japanese plum, 30 
larch-poplar, 814 
Launea atpientfolta, 40 
Ozalia, 707 
pea, 767 

peach, 31, 767 # 

pear. 803. 808 
Pine-Commandra, 813 
pine-eweet gale, 813 
pink. 767 
plum. 767 
poplar. 7d7. 814 
quince, 808 
red oedar, 803 
red clover, 818 
Hhododendron-bcmlock, 814 
rose, 818 

salt grass. 767, 771 
<S«mperrtoufii ktrlum, 40 
service berry, 808 
snapdragon, 816 
spinach, 767, 817 
spore 7orms. 768 
apurgCf 40, 767 
•tone fruits, 767. 816 
sunflower, 817 
swe^t gale-pine, 813 
Thahctrum, 767. 816 
Thuiopeis, 40 
Vaooinium, 38, 814 
hemlock, 814 
white dover. 815 
wiHow4aroh. 81^ 
sig-sad clover. 816 
Husta. long-cycle, 768 
short-cycle, 768 
spore forms, 768 
Kntabaga, black rot, 340 ( 

dub root, 463 
moaaio. 316 


Rutabaga* vegetable rot. 604 
white mat. 488 
Rye. blade blight. 387 
brown leaf met. 774, 704 
ergot, 30. 601 
graai, ergot, 604 
halo-blight. 387 
heat injury, 142 
lodged oulma. IfS 
loost^ BUittb. 'ioo 
nematode disease, 889 
powdery mildew, 671 
seedling disease, 863 
smut, 727. 761 
stem rust, 770, 704 
yellow stripe rust, 774, 704 

S 


Saooardo, 10 

Saccharutn spontaneumt 462 
Salsify, crown gall, 367 
root knot, 806 
white r jst, 438, 462 
yellows, 319 
Sal soda, 00 

Salt for ergot sedimeniation, 602 
Halt-brine, for removal uf nematode galls, 800 
i^lt grass, rust, 767, 771 
Sambucus. 248 
Sammelsellen, 456 477, 478 
Ban Job6 scale, 516 
cause of gummosis, 53 
Band cherry, 634 
rosette, 277 

li^nd drown, tobacco. 50 63. 60, 71 
Sandal, spike disease, 320 
Sandalwood, 858 • 

Bander’s, copper-lime dust, for late blighf, potato. 
428 

Bander’s dust, for apple scab, 625 
Sanitary measures, for apple scab, 62a 
for brown rot, 535 
for cabbage black rot, 340, 341 
for corn dry rot, 890 
for crown gall, 372 
for mushroom root rot, 850 
for powdery scab, 474 
for scab, 3S2 
Sanitation, 490 
Santalaofw, 868 
SanUUum album, 869 
Sap rot, 65, 826 
deciduous trees, 866 
Saprolegniaoeae, 413, 440 
Saprolsgmales, 413, 414 
Saprophytes. 868 
Sapeuoker, 362 
Savastano. 10 
Scab» 52 

apple. 42. 52. 612-620. 4U. 616, 616 
barnyard manure, effeet on, 380 
beets, 381 
osreals, 667 
citfm, 52. 612, 706 
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Scab, gladiolvui, 388 
hawthorn, 623 
Ihne. effect on, 380 
peach, 52, 612, 703 
pear, 62, 623, 602 
poplar, 662 

potash salt*, effect on, 380 
potato, 375, 612 
radish, 3K1 

sulpliur, effect on, 3HO 
turnip, 381 

wood ashes, effect on, 380 
Boald, apple. 103 

common' or hard, 126 
soft or deep. 126 
susceptibility to, 129 
soft, apple, 137 
Mealy cap rot, trees, 857 
Mdikly mistletoe, 47, 878 
pine, 878 

Scarification, for fire blight, 358 
Scarlet, Hibiscus, 502 
Scarlet Runner, anthracnoee, 687 
Scavengers, seed plants, 858 
SchizanthuB grahami^ 427 
Sohizoxnyoetes, 6. 325 
Sohisophylluin, 824 

rot, deciduous trees, 857 
sugar cane, 857 

Schuophyllum cUneum, 410, 866, 857 
ctymmune, 867 
Schorf, 467 
potato, 375 
Schwarze, C. A., 17 
Schwarzf&ule, 527 
Sclerospora, 417, 465 
Scl^OBpora^ramtnicofa, 39, 49, 452 
javaniea, 453 
macroByora, 452 
tnaydis, 463 
phUippinenBia, 452 
Boeehari, 463 
Bpontanea, 452 
Solerotinia, 57, 520, 522 
Sderotima americana, 529, 530, 531 
n'nrrea, 622, 528, 529, 530, 532 
fruoticola^ 529* , 

fnict%tena, 522, 527. 528, 529, 630, 531, 532, 5;14 

laxot 523 

libertiana, 560 

rmnoTt 560 

oryeoeci, 660 

rtctni, 600 

uderotii/rum, 399. 600, 682 
tri/fditjrum, 560 

Scierotiuin, pi. sclerotia, 35, 300, 397, 398, 696, 
593, 867, 598. 6t\5, 835 
potato, 863. 834 
Hhisoctonia, potiAo, 866 
^Sc/rroti’am cfaouh, 592 
Soolecotrichuro, 667, 669 
Soiubjaine, leaf rust, K12 
Scurf, 62, 827 
apple, til 2 

Sedimentation, fur ergot removal, 6ffl 


Seed, di^nfeetion for bean anthraesoMk #86 
for bjpok rot, 340 
for dry rot of corn, 700 
injuries, 223 
injury from, 242-247 
for powdery scab, 474 
for Rfaisootonia, 830 
for scab, 382 
for stinking smut, 729 
dusting machines, 20 
injury, copper sulphate, 242 
formaldehyde, 243 
hot water, 242 
plants, factory owners, 858 
profit sharers, 858 
robbers, 858 
scavengers, 858 
trappers, 858 ^ 

selection, for Rhizootonia, 839 
testing, for dodder, 860 
tfansmisaion, viroses, 251 
Seeding date, effect on smut, 730 
Seeding deep, 125 

Seedling and leaf blight, castor bean, 451 
Seedling blight, cereals, 656, 657 
Seedling disease, barley, 853 
beet. 853 
cabbage, 489, 853 
rye, 853 
wheat, 853 

Seedling infection«.smut. 713, 724 
Stiedlings, damping-off, H53 
Selby, 17 

Self blanching, lettuce, celery, 180 
Self-boiled lime sulphur, for apple black rot, 4IP 
for brown rot, 537 
Semesau, for grafts, crown gall,*d71 
Semesau, Jr. for corn dry tol, 700 
Semptrvivum hxrtum, rust, 40 
Septobasidium, 822 
canker, apple, 853 
forest trees, 853 
pear, 863 

Septohandxum ptdirfUaium, 853 
%Septocylindnum, 665. 669 
SeptoglcBuiTi, 663, 670 
Septoria, 670, 671 
Sepforia aeranna, 553 
yladidif 711 
lyeopersici, 711 
ravmtilit, 553 

Sereb disease, sugar cane, 320 
Service berry, fire blight, 364 
rust, 808 

witches’ broom, 46 
.Setarta tUiltca, 452 
Setting of plants, deep. 125 
Severe, etch, tobacco, 321 

mosaic, tobacco. 321 • 

Shade trees, electric injury. 2W1-205 
gas injury, 205-208 
Shading, effect on tip burn, 146 
•Shadow pictig*^* ^1^ 

, Shear, 16 

Shedding, bolls, cotton, 42, 102 
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MiTclr vmvHf 41 

2Ui«lf «r bnok«t foaci, iff, Vlf i 
•oiaotli, 822 
ShcttmiK, srspwt 42 
Sl&epbord*t pun«, wluU timt, 488 
Bfaoflfetnnc fuo<ui, S88» 842 
rot. 842 

8hoot infection, smuta, 714 
Hhor^ycle, rust, blnokberry, 812 
epeoicc, 768 
Short-dny plants. 196 
Shothole, cherry, 84 
diepmsc, cherry, 551 
plum, 887 
Virfcinia creeper, 84 
Hhotholing low-temperature, 158 
Hiliric acid, relation to lodging, 194 
Silver, fir, witol^ee' broom 47 
leaf, 168, 843 

^piit trees. 47, 853 
scurf, potato, 375. 377, 703 
Slivering of foliage, 26, 29 
Silvering, prune, from winter injury, 168 
Simmons Bill, 18 
Smapu alha, 140 
Sinkij, mistletoe, 873, 876 
Sisal hemp, mosaic, 320 
Sitynibrium tiUtaMtinuin 458 
oJfictfMie, 438. 468 
Skin spot, potato, 377. 469 701 
HRoro, 467 , 

Slime, disease, tobacco, 186 
fluic, 52 

molds. 389 391. 459 
asparagus 391 
Asalea tndiea 391 
camiKa, 39 1 
classification, 391 
nature ai d habitat, 389 
relation to crop plants 391 
reproductive stages, 390 
vegetative characters 389 
Kli my soft rot lettuce, 148 
Slugs 6 

Smallpox, apple, 106 
nmiih, E F , 15 16. 18 
e»mith, E H . 17 
Smith, n , 17 
inith-Levor Bill 13 
Smoac injury, 210-210 
pollution, 214 
Smoking, puff baits 41 1 
Smooth shelf fungi 822 

Smothering disease conifi rous seedlings 853 
Smudge, onion 584 
Smuogf. fires frost prevention, 162 
Smut, ball, 41. 715 
boines, 716 ♦ 

buftaib grass, 47 
roin, 43 
he 533 
fungi 664 
eereals, 712 
disease 712-^761 


7«1 

rya, 761 
ak««p Mirrai. 41 
ahawara. 713, 728 
aparaa, ijpm af, fit 
whSla, 715 
wind-blown, 718 
Bmutiox, for aoab, 382 
Snaila, 8 

Snapdragon, nsit, 816 
SnowmoM, aeredb, 888 
Sodie mtimte, yellow berry reduced by, 67 
Sodium ananite, for barbany eradieation, 790 
Sodium carbcHiate, for wart. 486 
Sodium chlonde. oonatituent of alkali, 90 
Bodily oyamde for root knot, 897 
Soft crown gall. 363 
Soft rot, 522 
applea, 57 
oarrota, 328, 386 
fig, 499 
hyacinth, 388 
muakmelon, 66 
onion, 388 
poppy. 388 
root oropa, 54 
sweet potato, 494. 495 
vegetable crops, 386 
Soft scald apple, 138 
Soil, acidity, 73, 80-82 

effect on nitrification, 82 
injurious effeeie 81 # 

kinds, 80 
origin, 80 

compacted or hard 125 
excesses, acquired, 72 
natural, 72 
-inhabiting fungi, 35 
aterrfisation, Bordeaux, 486 
for club root. 464 
for root knot, 896 
for wart, 486 
injuries. 222 
by kerosene 486 
by lime sulphur, 486 
by mercury Ipchlorid 486 
by sodium oarbonau , 486 
by steam, 486 
by sulphur. 486 
treatnent for blacK rot, 341 
water-logged, 125 
Solanacco, 474 
wilt, 30 

Sofanum aiaiUTn, 4a4 

cartpwite, late blight, 427 
dtUcamora, 484 
murtettium late bligfit, 427 
ntffrum, 474 484 
Ifuinenae, early bhght 677 
nodtfiorum, 484 
jnUosum^ 484 
Solidago, 767 

Solul^e sulphur for apple scab. 626 
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Sooty moMb, 

Mnice. fiM 
Sorauer, 8. f 
Sorbua, 623 
Sorbus ammcana, 364 
oucuparuM, 263, 364 
dtrkem* aurea, 266 
lute^-^varieffafumt 266 
Sore shin, 828 
eotton, S6» 837 
Sorghum, bariorial spot, 387 
head smut 746. 760 
kernel smut, H 760 
lo(«f kernel smut 760 
Philippine doany mildea, 462 
Soros port um, 716 

•Scro«portum rfthanum, 39, 4ft, 50, 746, 760 
Sorus, pi son, 400, 432, 712 
Sour-sap, 163 
Sou bugs, 6 

Soy beans, magnesium hunger, 71 
niosair, 320 
sunburn, 192 
NparasBiK, S23 
tHpnratistt radicuta, K63 
Speck, bean. (>7ft 
'speckled blotch, oats, (»(i2 
’^peckled leaf blotch, Mhcal, 062 
Spelt, 727 

ne/iiatnde disease, 8Mft 
orangi leaf rust, 794 
stem rust, 794 
>elloH stripe rust, 704 
spermatiu/n, pi spermatia, 40<>, 7tkl 
Spermntophytes, 5 

Spermogomum, pi spernioguma, 40i), 763 
.sphacelis, (>(»5 

Ixif y# f/« ^ u lit , 5f>2 
sphaipluil Mtagf Vis 
Sphart^lmituf ftmiuhnuni, 7tH* 

Sphareluthera, 716 
Sphticf/ot^KTu crutHln, 7tt<) 
goruhi, 41, 700 
Spfifrrm MHi 

ffurpurm, 60 J 

Sphsnriales, 608, 6S0 (»6S, (i(i4 
Spha'ridmiii, 699 
SphtermuliaceK , 00f> • 

.Hphapronema,^7 1 
hphfrropnidaccir, ti70, 67. 

Sphv ropsidales, 6<I6, 707 
Sphspropais, 634, 6.3t», 670, 671 
Sph(rrop«i$ malorufn, 33, 164, b30 
pgi'udodt pfodia, th36 
tumt/arxms, 710 
Sphsprotheca, 66ft, 671, 572 
SphOrothfcu inxtfiijnt'i, 668 
hamuli, 571, 5H4 
lfU€*4richa, 574 
morn ura , 6S4 • 

fMto^ion^t, 6S4 
SphuMutiua, 591 
Sphere lUngi 5o3, ti5(« 
diaeasea. 5^7 0i»3 
Sphere-throwing fuagt, 821 


Spbrneter, 4M 

Spioula, pi, apioule, 881, ill 
Spike disease, <lodon»a, 317 
aandal. 320 

Spinach, blight or mosaic, 320 
curl disease, 320 
leaf mold, 464 
photoperiodtsm. 197 
root knot, 896 
rust, 707, 817 
white amnt. 761 
Spindle tuber, pot am, 28^ 

Spmdling sprout, potato, 37, 306, 666 
SpirsMi. fire blight, 364 
Spirva vankvutei, 364 
Bpiralism. 27, 61 , 73 
Spinllum, bacteria. 327 
Spiruchwtaies, 328 
Nptmdyloeladiuin. 667. (9>9 • 

Sponfiylocladu m •itrcnrrret, 376. 703 
potati^ 377 

Nporangn'phoieft, 490, 084 

i>pi»raitgiuu), pi sporangia, 300. 406, 404. 443, 
477, at. 404) 498 
^pongoepo^a, 46(1 
scab, potato, 4(>7 

Sp*tn{io*ttoro suht^^ra it a, 376, 467, 471, 474 
Spore, 400 

asexual. 400, 492, 493 
bacterial, 325 

halls, p<»wderv scab. 470, 4T1 
forcible ejc«'tion, froia basidia, 826 
forms oi, 401 
rusts, 7t>3 
fiuit. 400, 404, 6<>8 
kinds of, 404, 406 
horn, 407. t>46, 646, 047 
kind'», 4(8) 
pniu, S25 
puriing > t, 520 5)2 
9C\ual, 4tH) 492, 494 
t4‘ndn). 406 
fvp«^, 409 

Spi^ridiuiii, )•! spondiii 4(K), 712, 723, 794, 749 
760. Tot, Tills M)4. 606 
germiiinting, 763 
Spunidfsunum, 667, (>(»‘l 
.>p4»rmli>rhiuni, p* spor>><i(iclua, 406* 407, 885 

Spitronciiia, (>(i6 • 

tSporophores. 666 • 

Artntf^ona milltti, 643, 644 
compiiuiid, 411 
^>I>es of, 821 

Sporoplivtic generation, rust^i, 772 
Sporolru hull* 666 , otiU 
Sfunotrirhutn ft/ilAn/i/ rrt, Tl'i 
-ipot bloich, barUu , 703 
CHUlifloMPr, JM» ^ 
ftpot di«ea*ic, bean, li70 
corn 475 

Spot iieiriHis apple, lOJ, l'£j: 
tobacco, 321 

Spivtted wtU. tomato. 32^ 

Sprain, 132 ^ 

potato, 257 
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SpriS^. injury. Bordn^ujc, 2Z 
* typw. 223 
rMidu9, Anenionl, 233 
ruMetinff, Bordeaux. 223 
•ulfur. for appla Mab* 323 
Sprayinc. for appU nut. 803 
for apple eoab. 324 
for bean anthraenoae. 383 
fonblaek knot. 610 
for black rot. 333 
for brown rot. 536, 537 
for oedar ruat. 809 
for ohprry leaf epot, 558 
for eurrant anthracnoee. 546 
for downy mildew, crape. 447 
for early blifht. potato, 378 
for crape, downy mildew, 447 
injunee, 221 
with iron aulrhate, 78 
for late blicht. potato. 428 
for< peach leaf curl, 616 
potato late blight, 428 
for powdery mildew. 681 
Springera. produced by lime-eulphur. 233 
Hpnnkling method, sinot 723 
Sprouting peart. 49 
bpru<}«. leaf-bbater ruata. 81 i 
leaf ruat, 818 

atringy red-brown heartwood rot. 864 
witchea’ broom, 737, 814 
yellow root rot, 863 
Spumafia, 831 
Spumarta alha, clover. 391 
cucumber, 301 
airawbemee. 301 
Spur bbght, raapberry, 661 
Spurge ruat, 40, 767 
Spurgea, flhgellatea in, 260 
Spurred rye. 692 
Squaah. anthracnoee. 33 
bloeaom blaat. 602 
curly top, 320 
downy mildew. 463 
fruit rot, 602 

temperature requirement. 140 
vegetable rot. 504 
Squirt moaaio, hop, 317 
Staghead, 90 
Stagoneapora, 670. 371 
^Uagonogpara rarpathtea, 546 
leaf epot. alfalfa, 643 
Stalked puff balla, 821 
Starch, effect of freeiing, 173 
Steam atenliaation of soil, 897 
Steam treatment for looee amut| 748 
Stecchennum, 823 
St0Dchgrtnum hailouti^ 864 
Stem canker 828 
Stem grafta, moeaSc. 294 
Hb m nematode, 898 
alfalfa 881 
Morer 881 
hyaanth, 881 
strawberry, 881 


Stem rot, 64, 449, 828, 883 
alfalfa, 660 
Mter.54 
olematia. 710 
cloTw, 630 

garden vegetablea. 630 
geranium, 460 
herbaceoua boate, 863 
Bclerotinia, 64 

Stem mat, barberry, 778, 779, 794 
barley, 779* 794 
cereal. 771 
einkorn, 779. 704 
emmer, 779, 794 
gram. 774-796 
loaaee, 778 
Mahonia, 790 
oatc, 779, 794 
Oregon grape, 790 
rye, 779, 794 
apelt. 734 
timothy, 770 
wheat. 774, 779. 794 
Stem-end, browning, potato, 132 
Stem-end rot, apple 702 
citrua, 700 

Stemphybum, 637, 669 
Btenoaia, or amalling, cotton U5 
Stereum, 410, 822 

St&reum purpureum 47, 168, 313. 843, 861 
Stengma, pi stengmata 401, 820 
Sterigmatocyntia 583 663. 669 
Stevens, 15, 13 
Stigmina, 369 
Siigmonoee, apple, 101 
caused by roay aphia 52 
Stilbaccw 665 
Btilbella 665 
dbinkhorna. 319^ S22 
Stinking smut. 717 
wheat, 716, 724 
Stipe, 411. 847 
Stippen, apple, 102 
Stippflpfke, apple, 102 
^tippigfeokigkeit, apple 102 
Stippigwerden apple, 102 
Stipple streak, potato, 291 
Stocks, white rustr 438 
Stolons. 493 

Stomata, (ntrame through ilO 
Stone fruits bacterial black spot. 
bark rungus 658 
blight 658. 707 
brown rot, 30 
dieback. 658 
gummosiB. 164 
June drop, 42 
ruat. 767. 815 
ahotholing. cold, 158 
Storage rot, peach, 504 
Storage scab, apple, 616 
Store house, air relation. 124 
Straight head noe, 123 
Strangle weed 861 
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8lcftwb«rry, blAck eyes. IM 
ftotrytit rot* 57 
cauliflower diaease* 882* 809 
dwaH. 809 
fire blight, 354 
fruit roi, RhUoctonia. 838 
leaf gaUs, 480 
ieaf icorch. 585 
leaf ejK)tf 33, fifll 
leak, 57 . 

iDuehroom root rot. 850 
nematode. 808 
powdery mildew, 584 
root knot. 896 
rota. Botrytia, 57 
Penicillium. 57 
Khizopua. 57 
Spumarta alba, 301 
stem nematode, 981 
aun acaid, 141 
winter killing.i 163 
w lichee' broom, 320 
xanthoaia, 320 
yellowa, 320 
Streak, pea, 318 
potato. 201 
raspberry. 310 
sugar cane, 320 
sweet pea, 38M 
tomato. 321 

or variegation, corn, 316 
Streptothnx, 378 
String leaf, tobacco, 3il 
Stringy red-hrown heartwood rot. fir, 8M 
Stringy spruce 854 
Stringy western heinlock 854 
Stnpf blight? Vinrley. 603. 70 1 
oats 387 • 

Stripe rusi.^liei.t 771,816 

Stroma, pi stroioatu 407 408, 400 589, 807, 

647 

piTitfii ( ia1 648 

StroiK/yloplat^tna nt n n tfn 1 1 J61 
Strufin lla 665 
^trumclla roryfittudfti 704 
diseasf . chest nut 45 701 
oak. 45, 701 • 

Stunt disease, m # 251, 319 
Stysanus, 665 
Sulwnfections, 445 
potato wart 481 
SubstoniHlal ' esw h , 781 ’ 

Subetrntuin 39 1 
Sudan grass bat tcnul spot, 387 
Sugar beet. curl\ top 88S, 320 
dninping-ofT. 4.50 
hairy rmit 370 
leaf apr»t 70,3 
iiinaaic 320 
iieraatodi* 881 809 
Patlmlogy Oflici> of, 12 
root blight, 449 
riMil kn<»t. 896 * 

Sugar ra«c. bacterial guiniuoais 387 

burrowing nt mat oile M0« 


Sugar 0806 , cane leafbopper, 330 
ehlorotia, 76 * 
downy mildew. 452 
Fiji diaeiae. ^20 
Java gum diaeaae, 387 
moaaio, mottling, or yellow •ainpc 
320 

nematode, 881 
Pahala blight* 71 
pineapple diaeaae, 658 
rednitnpe diaeaae, 387 
root disease, 857 
root knot, 806 
root water mold, 449 
Sohitophyllum rot, 857 
aereh disease, 320 
streak, 320 

Rulfocide, for apple scab, 626 ♦ 

Sulphate, of ammonia, effect on sand drown, 
of potash, effect on sand drow'n, 63 
of soda, constituent of alkali, 00 
Sulphur, 68 

atomic, for apple mildew, 582 
deficiency, tobacco, HI 
dioxide (S(i|>, 210 

entrance through stoinata. 215 
injury, 210 219 
acute, 210 
chronic, 210 
invisible, 211 

dusting, for eherrx leaf gjmt, 568 550 
for currant nursery st«»ck, 545 
for leaf curl, 515 
for stem rust, 789 
effect on scab, 380 
powderv, 474 
wart, 486 
injury, 222 

inoculated, for pota1i> scab, 382 
pallor, 71 
for scab, 3K2 
sun scald, 232, 5^2 
apples, 333 
Sumac, black rot, 63K 
Suiniyer fallow, eilect uu yellow ber»->, M 
•Mininer spores, 415, 590, 650 
'^uii blotch, \\i>rad'’» 315 
Sunburn, cow peas, 192 
soy lM>ans, 192 

Sunflower, downy mildew, 453 
rust, 817 
Sun scald, 183 
beaim, 191, 192 
cankers, lub 
apple, 183 
truits, 141 
grape. 141 
potato, 100, 1.32 
spots, under glass. 141 
straw lierry, 141 
tomato, 143 
whitewash for, 184 
Sunstroke, nasturtium, w 
Superficial bark ranker, apple, 708 
Surface bteakdown, poUt-o, 134 
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Sttrgory, for biAok knot^ 610, 611% 

Surgieol trotttment for muBbroom root rot« 861 
Sunnom witobeo’ broom duOMe, raooo, 867 
8uBoept, 383 

.SuMoptibihiy, oppl« scold, 129 
to powdery aoab, 474 
•w^pt pototo, Rhiiiopua rot, 49ti 
8ttBpeos<M«, 490 
Swomp oed&r, top rot, 864 

Hnerm epores, 400. 40t, 400. 413 414, 416, 488. 

43b. 448. 466. 664 
s%eat, potato, 134 
Sweet clover, ring spot, 3^0 
Sweet com, bacterial wilt, 386 
Sweet gale-pine, rust, 813 
Sweet pea, mosaic. 321 
root knot, 894 
streak, 388 

Sweet, potato black rot, 668 
burrowing nematode, 898 
dry rot, 6»K) 
ftjiform Leaf, 254 
mosaic. 321 

Rhiaootonia disease 838 
Khi/opua rut. 54 
ring rot. 494. 49^ 
r'w>t knot, 896 
soft rot, 494, 496 
vegetable rot, 604 
Vhiie rust, 462 ^ 

Swimmers, ergot. 60S 
Kyeamore,* anthracnoee, 660 
mushroom root r<it, 849 
Symbionts, 810 

Symptoms, of disease m plants, 26 67 
Synehytrislbeie, 466 
Hynehytrium. 466 
SyncAytnum our«um, 489 
fndobtolteum^ 377, 479, 481 
irfohosum, 489 
aolant, 481* 
vaeetnti, 43, 489 

T 

Take-all. wheat, 662 
Tan dmease, 101 
^aphrtna aim meaner , 517 
ameniarumt 617 
aurea, 617 
australis, 617 
haeUrtoepermat 617 
hstuiw, 617 
ksliiRaa, 617 
hnilols, 618 
eamea, 617 
aarpmt, 617 
etnuio 47. 617 
eswnl«ae«tM» 618 
eommunte, 617 

d</«rfiiaas. M. 60. 408. 607. 610 
sfrfphvOa. 617 

617 * 

Am. 617 

617 


Taphnna aim tncoM, lauprnmot 49 , 517 
•nsnor. 618 
pruntf 41, 617 
aadebeektt, 617 
tee gutnfixxt 517 
Taphnnopeis, 606, 506 
Tar-gas injuries, 203 
Tar products, injury, 202 
Tar spot, maple, 32, 561 
oak, 32 
willow, 32 

1 arnished plant bug, 362 
Farvia, fumea, injury from, 202 
Tasmanian black spot, apple, 012 
Taabenhaus, If 
Taxu* paeeatat 218 
releutoaorus, pi telsutoeon, 703 
Telsutoapora, 770 
Teleutoepore, 703 

Tehoapore, 401. 763, 764. 705 780 781 
germinatinjc 786. 806 
tvpes, 766 

Telium.^pl teha, 406. 064 76 > 764,780 764.606. 
80S 

Temperature low efTe^-ts of 153 185 
relation to germination of imul 720 
general, 1 39 

Temperatures cardinal points 139 
maximum. 1 19 
minimum, 139 
op*‘» im, 139 
uoininimum, 139 
supramaximum 1.39 
leosmte 763 
brown spot, 475 
downy mildew 463 
^Philippine downy mildew, 4%,2 
smut, 753 

lepary bean, anthraonose, 687 
reratomas, oastor-oil bean, 306 
cauliflower- 376 
oranges, 306 
pelargonium, 366 
tobaooo, 306 

Texas mistletoe, 870 877 
Texas root rot, cotton 6\ 701 864 
Textbooks and m&nnals, I^ngliah 20-23 
German, 23 
French, 24 
Thalictf;:>im, 794 
rust, 707, 816 
TTielepbora. 822 
TMephora lactnuita, 863 
Telephoraoee, 822, 863 
Thesiutn alpmum, 860 
Tbielsvia, 563 
Tkielavta hasumfa, 36, 684 
Thielaviopaia, 667. 069 
Thtelavtapete paradoxal 701 
Thiobaeterinlee, 320 

Thnfty deTclopmeni, needs or requirements for, 3 

Thripe.362 

TknpB tohost'* 262. 819 

Thr^bosis. mapls. 37 

Thejppeii. naet, 49 





rNDBX 


949 


Thyiot. m 
TiUeti»» 713, 716 
rtUeiia buehlwnat 47 
canfg, 723 
horrrda, 760 

im«, 41, 716, 717, 723. 727 

37, 40. 41. 716, 7 IT, 718, 723. 7t4, 727 
TilleUAc«»», 715, 760 
Timber rot, coniferoua aiiccick 855 
Time of seedmg, effect on am at, 726 
Timothy, leaf amut, 759 
atem ruat, 779 
Tip burn. 674 
lettuce. 148 
potato. 143. 144 
t itaeift, 664 
Ti*et. injury. 238 
Toadatool diaeaac, 842 
I'oadntoola, 819 

'I obacco, bokuLai leaf apot, 387 
ba< tenal ring diaeaae, 386 
bactenal vult, 334 
blai Ic fire ‘187 
black root rot, 584 
blai k ahank, 451 
blue mold 454 
boron injury, 85 
brindie, 321 
broom rape, 860 
brown rot, 334. 386 
< abro, 321 
coarae etch t21 
i rowii flail, 370 
« ucumber vi/oaca .321 
lurl, 321 

Diaeafe Inveattgations, Office of, 12 

etch, 321 • 

cti h 4 . 32 1 

frencliinK, 71 

Oramille wilt 386 

hairy root, 370 

latent (healthy) potato rirua, 321 

leaf mold, 504 

mild mosaic, 321 

mongrel, 321 

mosaic, 5, 251. 321^ 

mottle top932l 

photoperiodiBTn, 198 

nm bound, 61 

ring mosaic, 321 

ring spot, 321 

root knot. 80ft 

root rot .584 

Rotterdam -ft disossc, 17! 
sand droan, 59-6 i, 60, 71 
severe e*eh, 321 
severe mi •aic, 321 
sUme disefse, 386 
spot necrosis, 321 
striig leaf, 321 
tsratomaa, 365 
vein banding 321 
vein streak. 321 
viruses, tomato, 33^ 
white mosaic, 331 


Tbbaooo, viiM6re* 387 
wilt disease. 386 
witches' broom, .321 
yeiloa' mosaic, 321 
Tomato, 474 
apple, 165 
auiuba mosaic, 321 
bacterial canker, 386 
bae ferial spot, 386 
black rot 1 14 
bli'issoin drop, 102 

blossom-end rot, 56, 114-121, 116 , flT 
broi^n rot, ,i86 
buckeye, rot, 450 
crown gall, 370 
dry rot, 114 
early blight, 677 
fern leaf, 254, 322 
filiform leaf, 254 
foot rot, 452 
fieezing injury, 178 
fruit rot, 708 
Hloieoi tonia. 8,38 
(jrand It aptds disease, 386 
hairy root 370 
leaf mold, 702 
leaf roll, 322 
leaf spot, 711 
mosaic, 371 

I>sylUd. 286 ^ 

ps>llid yellows .322 
rcsistanco t > late blight, 426 
Ilhi*et» inm, 8.38 
lllnaopijs rot, 499 
root knot, 661. 896 
root w'Bti‘r molds, 449 
spotted wilt, 322 
streak, .^21 
sun scald, 143 
tobacco mosaic. 321 
tobacco viruses, 321 
vegetable rot, 504 
wart, 484 

^ wnstera blight, 322 
wilt, 704 

witches’ broom, 322 
yellows or curly top, ,322 
Tomnsis, cotton, 316 
Tooth fung,, 823 
Tooth wort. 859 
Top necrosis, potato, 290 
Top n't, swamp rrdsr, 884 
Toruln. 66T, r»69 

frt^rtiQfun^ 522 

r ownsend, C O , 18 

Toxic compounds, organic suhstanrsi, 78 
Trackynphtera fnt€lvg 0 M, 452^ 

Trametes. 824 
TramfU* pin, 867 
Transpiration, 186 
cuticular, 187 
atomatal. 187 $ 

Traniscbelia. 770 

TraniitrMtn pnsefflia, 31, 767i lfel5 

T6sp|Wfi|i aee«b(daats. 888 
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Tree, crown rot, 179 
mildew 586 

wturgery, for black knot^ 610 
for rheatnut tree bhglit, 65d 
for crown gall, 372 
for fire blight, 355 
a inter aunffcold, 182 

I rem h nicChod, for iron aulpliat* applu ation, 79 
Priohina, 881 
TVichxnella tptralt*, 881 
Tnchinosia, 881 
Tnohocladia. 672 
Triohoderma, 669 
Tnchogynea, rusts, 772 
Tnehossptona, 670, 671 
Trichosphipna, 500 
Trtehosphftrxa tticehan, 658 
Trtfoltum hybrtdum, 8l5 
pratentf, 815 
repenat rflo 

Tninmatostruma. 665 
Traiteum eomttaeium, 627, 770 
dtroectim, 727, 779 
durum, 779 
monoeoeeum, 727, 779 
po^onxeulh, 727 
fpaUa, 727 
twrgtdum, 527 
iml0arc.^t4O. 727. 779 
Troehiki, '521 

Trochxln pttpuiftrum, 561 ^ 

Trsrpanosomss. 260 
Tuber m-afts, i utaic 204 

4 ^bercle, olive, lS*i 
ubercularia, 6<t5 
Tuberculariacc^, 60^ 

Tuberculina, 665 
Tuberculosis, Aleppo pine, 3K8 
Tubers but no toji S3 5 
Tuhurrin la acaf a, 471 
Tucahoe Indian thread, 308 
Tulasne Rrotoars, H 
Tulip, breaking, 322 
Turnef actions. 362 
Tumors, 43, 3(i0 

Turning sweet, potatoes, l(i3, 172 
'lurnips, black rot, 340 
^cli^ n>ot,*44, 463 
i»-own gall, 3I»9 
mosaic, 316, 322 
scab, 381 
white rust, 43S 

'1 wig blight. ia3 164, 142. 146 
apple. S46, 6:t0 
fir. 561 
pine, 561 
I wig casting, 10 1 
Twigs, dropping of, 41^ 

Tylenchida T 8S1 
Tylenchulus, 881 

Tylcnehulun xrmipt tulrunn, hSl, S98 
Tylenchus, 881 

Tidenehua dtpane*., 881, KM, 80Cf 
ptnetrana, 898 
grotensta, KR|, H9 k 


Tylenchua atmtlia, 881, 808 
tnhet, 881, 882. 884, 886, 888, 880 
Tyloaes. 849 
Typhula, 823, 853 
Ty/thuin gramxnum, 853 
Tyramine, 601 
Tyrosin, 136 
Tyrosinase, 130 

U 

Ultra-violet, 192 
Urabellifer, downy mildew, 453 
Uncinula, 509, 871 , 572 
Unetnuln neeator, 570, 586 
saliciB, 888 

Undercooling; potatoes, 176 
Ungor, 7 

Uniform white sapwood rot beech, 854 
maple, 854 

Unmottled curl> dwarf, potato, 291 
Uredmacea), 770 
Uredinales, 702, 768 
Vr*ti%nitl 8 tmper/tctx, 770 
Urediniopsie, 760 

Urediniospore, 761 754 , 765 780, 781 
germinating, 788 

Uredimum, pi uredinia, 664, 763, 784 , 765 777 , 
780, 781 
Uredo, 435 771 
Undo ntrbo 735 
frumtotx 775 
irtixn 7.15 717,788 
Uredo^orus, pi uredosori, 76.3 
lircdtispore 763 
llr«»c3^stis, 715 
Vn>rf/8tis n I ula 76l 
orridtn, 7()1 
Uroiiivres 7<>t» 770 
UromNct'> nPprufixcultttuH 682, 815 
caryo phpllinuK, 816 
hybndum 815 
inn, 767 
stntUuH, 64t» 
trt/oht. SI 5 
trifohi-rt peuha, 816 
I rophlvctis, 456 , 

Uropfdycha utfaf/o 489 
U proidea, 489 

Uspuiun, for black rot, .341 
for »*liib ra »t, i65 
for smut, 729 
Ustilaginaceie 714, 7.57 
Usttlaginale^* l>(»4, 712, 740 
Ustilaginoidea 588 
t idtlno^rundta nnita, t»57 
Ustilago, 711 715 
Uatdayo a* I hit 41 757,788 
ear5«, 735 
crarntn, 7li0 
flscbtrt, 745 
hordn, 759 
h I'l*. 4 1 , 7.5s 
n»dif. 41. 739 740, 758 
ural$d^^, 41 
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VtNhQO Mgehtm, 795 
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triiiet, 41, 734, 7M, 7M, 739, 740 
tMocva, 41, 47 

M«. 43. 746, 747, 745, 749, 750 
Uterui, 887 

V 

\ ttooiniutn, gaJl, 863 
rust. 88. 814 

witches' broom. 814 
\ sccinium-bemlook, rust, 814 
Vacuole, 394 
\ alsa, 690, 040 
Volga japoniea, 690 
Irucogtoma^ 622, 668 
Valgonectrw paragttica, 04b 
VanegatioQ, 248. 262 
marbled and pulverulent, 248 
marginal, 248 
sectional, 248 

Vegetable, crops, soft rot, 380 
rot, 604 
carrots, 604 
cucumbers. 604 
eggplants, 604 
onions, 604 
peppers, 604 
pumpkin, 504 
rutabaga, 604 
squash, 604 
sweet potatoes, 504 
tomat«>es, 604 

\ ein banding, potato, 889, 290 
tobacco, 321 

S ein atfeak, tobacco, 321 
\ civet beans, r1?ld injury, 157 
V( ntq^a, 500, 591 

Vmturia inaquaiia 32, 52, 612, 618, 919, 023 
pyriini, 623 
trfmul<F, 662 
\ crince, 5 

Vcrmiculana, 670, 971 
Kerwir idaria rirrinang 564 
\ erticillium, 37, 466, 669 
Vfrticillium alboatrum, 702 ^ 
a lit, potaft, 132, 301 
Vetch, root knot, 896 
Vi6rto tnlict, 883 
Vic»a/o6o, anthracnf^Sc, 687 
Victory, injury from ,^38 
Vtffna 8inc7»«itf, anthracnose, 087 
Vinca. 248 
ViUa sHvrntng, 49 
X'lolet, downy mildei^ , 464 
leaf galls, 489 ^ 

leaf spot, 81 ^ 

Khisoctonia. potato, 833 
roo^knot, 896 
• root nematode. 898 
Virginia creepi*^, Bh(»tliolc. 34 
Viroscs, 248-332 

Virulent latent virua. potato. 391 


Virus, 4, * 
diseaaes, 4. 5. tO, 248' .322 
causal agencies, 267 
double infections, 260 
insect vectors. 262 
theories as to cause, 267 
bacteria, 257 
ensyme, 257 
filterable virus, 268 
protoBoa, 260 
types. 249 

transiniSBiun. methods. 261 
aphids, 251 

budding or grafting, 261 
juice, 261 
seed, 261 

V annus insects 261 « 

Vlscum, 6 

Fiscum 859, 872, 876, 877 

Vitia Dini/rro, 446 

Voiuiella, 665 

Voiutdln eiretHong, 564 

Von Tubeuf, 8 

Vulva. 388 

W 

WakkrJ. 17 

'Wallflower, white rust, 438 
Walnut, anthracnos^^JlI^O 
blight, m ^ 

frown gal), 369, 370 
mushroonx root rot 849. 860 
root knot. 896 
Ward, H Marshall, 10 
Wart, bittersweet, 481 
black nightsbade, 484 
dia«*Hifi', cucumber, 317 
plum, 603 

potato, 377. 479 488 
tomato, 484 * 

Warty diseusn, potato, 47f‘ 

Washing soda, fer club root, 465 
Water core, apple, 123 
^'atcr press, ^hite rust. 438 
Water, dcfieicni y, i Ifeel of, 

Water e' t I'SS, • flee t of, lOO 
Water funetii/ii of, 98 
Water molds, 413, 414, 455 
Water parasite, 873 
Water pores, black rot, 389 

Piitrarce of bactiTia through. 331 
Water Illations, general effects of disturbance 
98 

unfavorable. 98 123 
WatorincJon, anthracnose, 706 
Bettendorf mosaic. .i17 ^ 

blossom-end rot, .56 
root knot. 896 

Weeping willow, root knot, 896 
Western blight, beet, 280 
tomato, 322 

WestTTn gall neit, pfne. 8t.3 
Wtwtern hemlock, stringy red-brown brartwood 
rol. 854 . • 
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Wtuthn Urrh, S59 

WiHit^rn ru«t, &ppl^. 
pear. 803 
quince. 803 
raspberry, 818 

Western yellow pine, bicupg. 058 
lea( cast, 502 
misileVoe. 850 
red rot. 658 
witches’ broom. 562 
Wet feet, 125 
Wet rot, poUto. 422 
Wet-heartwood rot. oak, 854 
Wnttable sulphur, for apple si‘ab. 626 
Wheat, basal glume rot, 387 
black chaff, 387 
bUdc blight, 387 
bunt. 40. 716, 720 
dub, 727 

dowifly mildew, 452 
irgot, 601 
false ergot, 882 
flag smut, 760 
frost-iigured heads. 100 
grass, ergot, itS 
haloAilight. .*i87 
heat injury, 140 
kernels, rose^rod disease. 323 
smut, 41 

ladged stems 100 
loose smut 41. 734, 7, 
mosaie, 277 280 
green. 278 
or rosette 322 
yellow, 278 
nematode 084 
disease, 882-892 

orange leaf runt 771. 774 701 . 794, 8#Tr 

photoponodism, 197 

powdery nnldi w , 570 

presoaking for smut, 730 

purples, 882 

Radekrankheit, 882 

rosette. 277-280 

scab, 657 

seedling disease, 8^< 
apccl^od^leaf blotru, 662 
stem rust 774, 779 794 
stinking smut, 716 
8trip<« rust. 771, 816 
take-nil, 662 

temperature rr quiremi nt. 140 
winter killing, 161 
yellow hfny, 64 68, 66, 71 
Vfllow-Btripi rust 774. 794 
W hi tsel 16 
N\ hiskers, 497 
VihMi alkah 90 

W hiti ash n lute heartuood rot 855 

White butt rot deciduous trees 8.55 

V\ lute < lovf r. rust 815 

\Miite l)utrh Huniu r, anihr o >i»s« 687 

y\ hiti -felt blight romfi rs 4fV62 

Whit( fliM, 252 295 

White hearta<Mfd r«d v,hiU ash 855 


White henbane, early blight. 677 
White mosaie, tobacco. 321 
White mustard, temperature requirement. 140 
White pickle, cucumber. 317 
White pine, leaf oast, 562 
White rot, deciduous trees. 856 
mountain ash, 856 
White rust, 31. 401 , 413, 417 
amaranth, 452 
cabbage. 438 
eaulifloner, 438 
cress, 438 

crucifers, 38, 39. 432-439 
horseradish, 438 
mustard, 438 
pepper grass, 438 
pur^ane, 40, 452 
radish. 30. 438 
rutabaga, 438 
salsify, 433, 452 
shepherd's purse, 438 
stocks, 4,38 
sweet potato, 452 
turnip, >4.38 
wallflower, 438 
water cress, 438 
wild hosts, 438 
White smut, dahlia, 761 
spinach. 761 
55hlteapot alfalfa, 12.1 
comfers, 142 

White streaked sapHOixl rot dn iduoiis trees 857 
maph. 857 ^ 

Whin* wash for sun scald 184 
Wild black cherries, 55 i 
Wild hre, tobacco 187 
Wild hA*el mushroom root rot, 850 
Willow caiiktr, 7)0 
rust, 814 

sh<M>ts, p( aoh >«IU>ws 667 
tar spot 66 
Wilt, alfalfa 399. 560 
bacterial pritato 1 12 
bean, 399 
cabbagf 704 
clover 399, 660 
(Of ton 705 
(uCurbit. 16 32*< 386 
or dieback, roB» ilM 
discasr , .16 
tob'^cpo 386 
flax 704 

garden vegetables 56i^ 
potato, 702 
HeJerotinia 54 
.Solanaccte, 36 
tomato 704 
Wilting, .35 
cold. 157 

Windsor bean, mosaic 654 
Winter injury. 155. 163 
apple and pear buds 165 
fnotofs affecting 168 
typos of 163 
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Wintf^r ktlfiHK, Mfalfa. 163 
annualB, 16*i 
Btrawh<'rrir«, 16>t 
Winter apf>re«. 590* 650 

Winter atoek ( inrami), black rot, 340 

Winter BUM acald, 163 
< ankers. 45 
182 

WUeh-l)az<l, blai k rot 63b 
Witi'hes’ broom, 46. 835 875 
cedar, 816 
<l)'’rr> 47 517 
hr. 47, 767. 814 
iiif ensi* tiniar, 47 
larch, 47 
otean spray, 318 
|)iT I 47 

potato Ilk 48, JM6 
of IM# ns, 117 
' b«nv 46 

“ilx ♦ » hr 47 
HpniM 76/ ^14 
■ifnivkln rry 1*J0 
i2I 

tomato, i ^ • 

Xflediiiuni 814 

y<»lov\ pi nr >62 
\NitJurtip >21 
<itni'» 706 

WofuUrbirry tarlv t»77 

V\ ood Oslo a r iTi < t ot «« ati iSO 
XX ooilbinf* rlo\M»\ fotlrh m 417 
X\ o<Kl-<IeatiOVin« fungi < iv'^r <*f i ^iii i^os »> 

\V (kmI disinttKrufiou 824 
by ci^ym/s 

V\ oo<iiriess or bn|l< t disi i^ir p.iflfOiWi i oi >18 
XVoody Bjneirs, loril spot 6'>6 
(lifKSek 65h 
XXoolIvknof. 16 lt>4 
\\ ooUy root, .!0() 
streaks apphs, fOi 
XVoronin, 10 
Wound gun, 84^/ 

Wound parasitfs 825 

Wrappers, oihnl for annl* sc .aid. I 10 

XVurzelkro]^ '161 


Xanthosis, atrawbei^. 120 
X-bodies. 260 278 
\-virus, potato, 291 
Xylaria, 590 
Xylartn mnh, 660 


Veaat. 461 

YelldW bwrry, 2 
wheat. 64-68, U, 71 
effect till flour, 66 

Yellow dtseMfs hyacintha. 323, 366 
Yelloa dwarf, union* 318 
pf»talo« 291 


Yellow flat or ruaettr, lily, 11$ 

Yellow late rust, b!ac kbe rrj 818 
^fHoa leaf, blotch, alfalfa 42, 540, lei 
Munii auK, 2 H 
cherry 551 

\rIiow rnosau rasphe rry , 310 
tobacco 121 
^iHou ritth 85‘) 

X c Mow r<KiC rot hr 85 > 

Ijtc h 851 
pme 851 
spruce 85 i 

\ c 11 \> ftjH t unwau hop 1J7 

pniHp]>li >1U 

\«ll(‘w i*(np4 or gcav disease, daftodil, 317 
rust bs/ I y . 774 704 
( muu r 704 
r>. *'74 701 
spi |c 7 >4 
\> to it 771 * Ot 

\ 4 Ih tc )> llPlillk 1)1 
Ych Meig til t< I barley I 8* 

\ c|t>>\iph woiil rot c'ltnlpi, S56 
dc iduo I Ppc c )c s 856 
\-P. ilmorui 27b 
lief ♦ I 115 
kbbvgi 704 
errot 1)5 
)irv ilU 
• h '51 
c • r‘\ s iin III mum, 1 tfl 
c h> ( I 1 )f« 

( i r« npsiM 116 
osino** MO 
1 f'lC* r m 27 1 
I -I » im 1 1 , 

I flu « 

II ang >1(1 ^IS 
m t in u 270 

|if uh 2b'’ »■'! 267, 110 
p'uu ^ 270 
I inplv rrv >10 
Nulcjfv >10 
striMhcrr' 1 M) 
tun at»> > *2 

Yock spit iippl 10 > 122 
^ uu*> |M t ifi> 20 1 

Z 

7s lift ds rill m laic 114 
Zrci ffi 140 7b7 

Zebra grisa, i.cm-mfeu turns cbhirosis, 248 
Zig- Bit clover rust 815 
Zinc chloride, for hre bhghL. ^*^8 
Zoog'oeal stranos 168 
Zoologist, economn held of 6 
Zoos, 7 orangium. pi aotwporangm 401, 41 1, 414, 
416, 417, 424. 455 
Zobapores, 401, 45j, 477 
Zygi>mycetea, 490 49 1 , 664 
Zygotpore. 401. 401. 490, l02. 494. 664 
Zygota. 486^ 



